BUT

MONOGRAPH ON LECITHIN #121
COFIES OF ARTICLES CITED




I N

VOLUME 4

GRAS MONOGRAPH SERIES
LECITHIN

(COPIES OF ARTICLES CITED BUT NOT USED
! IN MONOGRAPH SUMMARY)

prepared for

THE FOOD AND DRUG ADMINISTRATION
DEPARTMENT OF HEALTH, EDUCATION
| AND WELFARE

OCTOBER 10, 1974

This publication was prepared under Contract Number FDA 72-100
with the Public Health Service, Food and Drug Administration,
Department of Health, Education, and Welfare

prepared by
Tracor Jitco, Inc.




editor: Robert H. Herman, M .D.

comments in biochemistry

Ascorbate—cholesterol—lecithin interactions:
factors of potential importance in the
pathogenesis of atherosclerosis’

Carlos Krurydieck, M.D., Ph.D. and C E. Butterworth, Jr., M.D. '

?

In recent years, there have been many efforts
to reduce the incidence of atherosclerosis, the
leading cause of death in this country. Most of
these efforts have involved programs designed
to lower the blood cholesterol by one means or
another, and most have met with only limited
success. We have therefore undertaken a review
of the subject of atherosclerosis for the purpose
of determining potential new avenues of investi-
gation that may prove fruitful in conjunction
with programs already underway or in the
planning stages. Our approach has becn based
on the following general concepts:

@) atherosclerosis, at least prior to the
development of scarring, fibrosis and calcifica-
tion, must be a reversible disorder;

b) it should not be considered an incscap-
able consequence ol aging: and

¢) it should be understood as a syndrome
the pathogenesis of which is associated with
both elevation of circulating lipids, and a
variety of factors resulting in vascular injury.

As we must assurne that injury and repair of
the arterial wall are processes that go on
continuously during life, discase will ensue only
when the rate of the former predominates. If
more injury is inflicted than can be repaired, or
if the normal processes of repair are slowed
down, disease will follow. Necessarily, then,
schemes of prevention or therapy must aim at
increasing the resistance to injury, at removal of
injurious agents or factors interfering with
arterial repair, or both.

A rather large volume of literature supports
the hypothesis that vitamin C decreases suscep-
tibility to vascular injury. There is also evidence

that both vitamin C and certain unsaturuted!
lecithins participate in the mobilization and
excretion of cholesterol. The purpose of this
article is to review the role of ascorbate in
cholesterol metabolism and in the maintenance
of the intercellular ground substance together
with the role of the lecithins in cholesierol
mobilization. 1t is our belief that the available
scientific evidence clearly justifies, and iudeed
calls for, a carefully controlled evaluation ol
the effects of vitamin C and the lecithins on
atherosclerosis.

General observations

A review of the literature has revealed a
number of interesting observations in the past
relating vascular disorders with ascorbic acid.
For example, from October 1944 to February
19406, an experiment designed to determine the
vitamin C requirements of humans wuas con-
ducted at the Sorby Reseurch Institute at
Sheffield, England. The results of this study,
reported by Sir Hans Krebs (1), are unique
because 2 of the 10 young human volunteers
(aged 21 to 34 years) who were given a
scorbutogenic diet became suddenly severely il
with obvious cardiac emergencies requiring
immediate interruption of the experiment and
hospitalization. One developed intense subster-
nal pain, dyspnea, cyanosis, shock, and cleva-
tion of S-T segments in the electrocardiogram.
A few days later, another volunteer complained

! From the Nutrition Program, School of Medicine,
University of Alabama in Birmingham, Birmingham,
Alabama 35294.
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of sudden constrictive pain in the chest. A
systolic murmur and electrocardiographic evi-
dence of a partial heart block were detected.
These obviously serious events occurred in the
absence of signs of overt scurvy. The physicians
of the eighteenth century were aware of similar
life-threatening complications of mild scurvy.
Lind, in 1757, wrote .. . “persons that appear
to be but slightly scorbutic are apt to be
suddenly and unexpectedly scized with some of
its worst symptoms. Their dropping down dead
upon an exertion of their strength, or change of
air is not easily forctold” (1). That the
underlying mechanisms of vascular injury in
scurvy and in atherosclerosis might have many
things in common is an hypothesis postulated
and explored in the 1950°s by Willis and his
collaborators (2—5). He began by inquiring
about the nature of the ecarliest lesions of
atherosclerosis and concluded, as Virchow did
in 1856, that it is a disturbance of the
intercellular ground substance of the arterial
intima, localized at points of mechanical stress
(2). Osborn (6) in his study of the fncubation
Period of Coronary Thrombosis concurred, and
stated ‘... the first deviation from the ideal
normal structure is a mucoid infiltration of the
intima . . . the lipid lesions are appreciable later
in development than the mucoid lesions.” Willis
recognized the similarity of thesc early lesions
of atherosclerosis with thiose of scurvy which
are, basically, alterations of mucopolysaccha-
ride biosynthesis resulting in a relative diminu-
tion of the sulfated polymers. The latter are
largely replaced by nonsulfated mucopolysac-
charides that are more “mucoid” in character
(7--9). Furthermore, it was realized that, as is
the case in atherosclerosis, the localization of
the vascular lesions in scurvy was also dictated
by mechanical stress. In spite of these similari-
ties, to postulate a cause-effect association
between scurvy and atherosclerosis was, and
still is, obviously impeded by the gross differ-
ence in prevalence of the two disorders and
most importantly, by the established dogma
that absence of overt scurvy signifies that all is
well with regard to ascorbate nutriture and
metabolism. This latter view, although still
predominant, is being challenged more and
more often. The challengers espouse the view
that, in the words of Szent-Gyargyi “Scurvy is
not the first sign of the deficiency but a
premortal syndrome, (and that) for full health,

much higher amounts of ascorbate than those
required to prevent scurvy are needed” (10).

A possible role for vitamin C in the
prevention of atherosclerosis

From the foregoing discussion, it is apparent
that vitamin C is concerned with the mainte-
nance of normal vascular function, and that
deficiency of it may cause vascular disease. For
this concept to assume significance regarding
the pathogenesis of atherosclerosis one must
reconcile the fact that overt scurvy is of rare
occurrence, whereas atherosclerosis is virtually
endemic. The hypothesis that vitamin C defi-
ciency contributes to the development of
atherosclerosis implies that a prescorbutic state,
rather than being rare, as scurvy is today, must
be of quite common occurrence. It is this
presumably frequent syndrome of subclinical
vitamin C deficiency that would play a role in
the pathogenesis of atherosclerosis. For this
unorthodox view to win acceptance, it is
necessary to show conclusively that:

1) Atherosclerosis, detectable in man or
induced in experimental animals consuming
adequate amounts of ascorbic acid to prevent
scurvy, is worsened by ascorbate deprivation or
restriction.

2) Supplementation of ascorbate intake
beyond the level necessary to prevent scurvy
should improve existing atherosclerotic lesions
or prevent the development of new ones, or
both.

3) No undesirable side effects ought to occur
at the levels of ascorbate administration re-
quired to satisfy condition 2. "
There is considerable experimental evidence in
support of the above postulates.

The use of an experimental model of chronic
ascorbate deficiency obtained by restricting
(but not eliminating) the ascorbate intake of
guinea pigs allowed Willis (2) to demonstrate
elevations of plasma cholesterol levels and
appearance of histopathological lesions of
atherosclerosis that were not observed in a
control group fed the same diet but supple-
mented with larger amounts of ascorbic acid.
The most effective atherogenic diet was an
ascorbate-free, cholesterol-supplemented ration
that produced atherosclerosis in all the guinea
pigs that consumed it. Willis concluded that
* ...any factor disturbing ascorbic acid me-
tabolism either systemically or locally results in
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ground substance injury with subsequent lipid
deposit.” The intriguing idea of a localized
ascorbate depletion limited to the arterial wall
was explored by determining the ascorbate
content of human aortas obtained at autopsy
from three groups of patients: /) cases of
sudden traumatic death, 2) routine hospital
autopsies, and 3) patients who died after being
on supplemental ascorbate for some time prior
to death. The results obtained (5) showed the
lowest levels of arterial ascorbate (7 out of 20
reported as zero) in the arteries of the routine
hospital autopsies. The highest values were
found, as expected, in the group supplemented
with vitamin C prior to death, with the “sudden
death” group falling somewhere in between.
Not onc of the aortas in these two groups was
reported as having zero ascorbate. It is note-
worthy that none of the patients constituting
the “routine hospital autopsies” group had
been diagnosed as having scurvy, and yet, the
ascorbic acid concentration of their arterics was
often undetectable. This localized arterial wall
depletion of ascorbate occurred primarily in
regions subjected to mechanical stress. Further-
more, the local ascorbate depletion seemed
related to the duration and severity of the
patient’s illness.

Saroja et al. (11) have shown similur
localized arterial wall deficits of ascorbic acid in
guinca pigs fed estrogenic compounds. Impor-
tantly, the reduction of the ascorbate content
of the arteries was much more pronounced than
a concomitantly observed reduction of plasma
ascorbate.

The role of systemic factors disturbing
ascorbic acid metabolism and requireinents is
often ignored though extensively documented.
Many drugs result in increased requirements of
ascorbate. Among these are aspirin (12) barbi-
turates, paraldehyde, the hydantoins (13—-15),
aminopyrine, antipyrine (16), ether (17), and a
large variety of carcinogenic compounds found
as atmospheric pollutants (18-20) or as com-
ponents of cigarette smoke (21). These in-
creased requirements have been demonstrated
by augmented levels of urinary elimination and
lower plasma ascorbate levels, or by greatly
increased rates of synthesis of ascorbate in
experiments with rats which are animals that
can synthesize their ascorbic acid (13-15, 20).
Pelletier (21) has reported that cigarette
smokers have lower levels of serum ascorbate
and lower levels of ascorbate excretion in the

KRUMDIECK AND BUTTERWORTH

urine after a test load than nonsmokers. His
data indicate that cigarette smoking, one of the
most important risk factors in atherogenesis,
imposes increased requirements of vitamin C in
man. The extent to which these factors
contribute to chronic ascorbate deficiencies
among the smoking, drug-oriented dweller of
modern polluted cities cannot be precisely
assessed, but must of necessity be significant.
Additional consideration must be given to the
trend in this country toward the consumption
of highly processed *‘convenience” foods and
other items having a low ascorbate content.

Ascorbate supplementation has been shown
to reverse atherosclerotic lesions resulting from
a prior period of vitamin C deprivation in
guinea pigs (3). Even more inferesting, serial,
bilateral, femoral arteriographic studies of pa-
tients with clinical manifestations of gen-
eralized atherosclerosis have been used to
follow the fate of individual atherosclerotic
plaques and to assess the effect of ascorbate
supplementation (4). The results obtained
showed partial regression of plaques in 6 out of
10 ascorbate-treated patients (receiving 1.5
g/day), whereas none of 6 untreated patients
improved.

Vitamin C deprivation, maintained for a
period of time not long enough to produce
scurvy, provides another experimental design to
study the consequences of lack of ascorbate
that precede the development of overt scurvy.
Fujinami et al. (22) maintained guinea pigs for
only 2 weeks on a scorbutogenic diet supple-
mented with coconut oil or ascorbic acid, or
both, in various combinations. At the end of
the 2-week experiment none of the animals was
scorbutic; however, elevations of plasma choles-
terol, cholesterol esters, phospholipids and
nonesterified fatty acids were demonstrated in
all those receiving no supplemental ascorbate.
The ascorbate-deprived, coconut oil-supple-
mented group fared the worst. Addition of
ascorbate retumed the values to normal even in
the presence of supplemental coconut oil. Of
great significance was the finding that plasma
levels of ascorbate in guinea pigs receiving both
ascorbate and coconut oil remained low,
strongly suggesting that the requirements for
vitamin C may vary in relation to the content
of fat in the diet in a manner similar to that in
which thiamin requirements parallel the carbo-
hydrate intake.

The experimental model of clironic ascorbate
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deficiency in guinea pigs has been refined and
standardized by Ginter and collaborators (23,
24). Desaturation of tissues by a scorbutogenic
diet for a 2-week pericd is followed by a
maintenance daily dose of ascorbic acid of 0.5
mg. Male guinea pigs maintained for approxi-
mately 4 months on this regimen weighed the
same as a control group who received supple-
mental ascorbate (10 mg/24 hr).2 The depleted
animals had blood and liver cholesterol levels
significantly higher than the control (171 versus
118 mg/100 ml in blood and 627 versus 456
mg/100 g in liver). An intriguing observation
reported in this paper is that in female guinea
pigs, 85 days of hypovitaminosis C did not
increase the cholesterol levels of blood and
tissues.

The mechanism responsible for the elevation

of cholesterol in the ascorbate-deficient animals
is said to involve an impaired conversion of
cholesterol to bile acids (25). Acutely scorbutic
guinea pigs injected with 26-'*C-cholesterol
(the label is present in the side chain that is
cleaved and metabolized to CO, on conversion
of cholesterol to bile acids) eliminated subnor-
mal amounts of **C0O, in their breath. Stimula-
tion of cholesterol oxidation occurred 24 hr
after injection of ascorbate, paralleling in time
the appearance of cytochrome P-450 in liver
microsomes. These results suggest that the
effect of vitamin C in cholesterol oxidation is
mediated by cytochrome P-<450 which would be
synthesized in response to administration of
ascorbate. It is worth reculling here that the
conversion of cholesterol to bile acids involves
two hydroxylations (at carbon atoms 7 and 12)
believed to precede the cleavage of the side
chain. These hydroxylation reactions, as well as
others in which ascorbic acid participates (such
as the hydroxylation of proline, lysine, p-hy-
droxypheny! pyruvate, barbiturates, and hy-
dantoins, as well as a large number of other
drugs and carcinogens) involve the cytochrome
P450-containing enzyme systems of liver
‘microsomes.

In a recent paper, Ginter et al. (26) have
shown conclusively that there is indeed a
decreased rate of transformation of cholesterol
to bile acids, not only in acutely scorbutic but
also in chronically ascorbate-deficient guinea
pigs.

The studies reviewed thus far have dealt
primarily with experiments involving guinea
pigs, which, like man, lack the ability to

synthesize ascorbic acid. When animal species
capable of ascorbate biosynthesis (such as rats
and rabbits) are employed in the production of
experimental atherosclerosis, the beneficial
effects of ascorbate supplementation can also
be demonstrated. This seems to be an impor-
tant consideration because, in these animals,
the production of scurvy is impossible. In our
view, it furnishes strong evidence for the
contention that some beneficial effects can be
elicited with ascorbate supplementation exceed-
ing the minimal scurvy-preventing levels, which
in these species are always provided by their
own biochemical machinery. Zaitsev et al. (27),
Myasnikov (28), and later Sokoloff and asso-
ciates (29), studying both rabbits and rats fed
cholesterol-supplemented dicts with and with-
out ascorbate additions, demonstrated that the
vitamin C-enriched diets largely prevented the
elevation of blood cholesterol. The blood
cholesterol values obtained by Sokoloff et al.
with rabbits fed the experimental rations for 8
months were as follows: control group (no
cholesterol added), 88.5 mg/100 ml; choles-
terol-supplemented group, 1,234 mg/100 ml;
and cholesterol + ascorbate group (150 mg/kg
of ascorbate), 308 mg/100. Essentially identical
results were found employing rats as the
experimental animal. Of added interest is the
finding that lipoprotein lipase activity of
plasma which decreases as the cholesterol levels
go up, was maintained at normal levels in the
ascorbate-supplemented group. This finding has
been confirmed by Fujinami et al. (22).

The effects of ascorbate supplementation on
the circulating cholesterol levels of man arl¢
clouded by controversy. Myasnikov (28) and
Sedov (30) reported a lowering of cholesterol
levels when ascorbate in high doses was given to
hypercholesteremic patients. Anderson et al.
(31) found no effect on the cholesterol levels of
normocholesteremic individuals. Samuel and
Shalchi (32) studied 14 cases of hypercholes-
teremia treated with high doses of ascorbate
and could show a significant lowering of
cholesterol in only one. Sokoloff et al. (29)
report mixed results, some of their patients
responded with dramatic drops, whereas others
showed no change. Ginter et al. (33), studying a

?One must note that scurvy in the guinea pig is
regulurly produced in only 3 to 4 weeks of ascorbate
deprivation; at this time the animals suffer precipitous
weight losses and soon die,
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group of individuals from a region where a
seasonal deficit of vitamin C is known to occur,
reported significant lowering of blood choles-
terol levels following administration of 300 mg
ascorbate/day. Hodges and co-workers (34), in
a study of experimental scurvy in man, ob-
served a tendency for the serum cholesterol to
rise in some subjects but did not consider the
change statistically significant (34). In a subse-
quent study, Hodges ¢t al. reported that during
ascorbic acid depletion (35), the serum choles-
terol declined in a group of subjects who were
consuming a diet rich in polyunsaturated fats
and virtually devoid of cholesterol. It is not
possible to assess the effect of weight loss as a
cholesterollowering factor in these subjects.
Evidently, more work is required to settle this
important matter.

% A recent paper by Knox (36) presents the
results of correlation analysis between mor-
tality ratios of ischemic heart discase, cerebro-
vascular accidents (and other causes of death),
and the intake of various nutrients. Strong
negative correlations were found between ascor-
bate consumption and both ischemic heart
disease (r = --0.49) and cercbrovasculur discase
(r = —0.68), the latter being the strongest
negative association found in the study. This
work is self-supporting in the sense that known
risk factors of atherosclerotic discase, such asa
high fat diet and high vitamin D intake showed
positive correlations, whereas high dietary cal-
cium gave a strong negative correlation coeffi-
cient in keeping with the known protective
effect conferred by huard water (37).

The seemingly beneficial effects of high
ascorbate consumption on the course of athero-
sclerosis may be due to one or more of the
following biochemical mechanisms. Aside from
the already discussed cholesterol-lowering
effect mediated through an increased rate of
conversion of cholesterol to bile acids, the
. formation of cholesterol sulfate (a water-solu-
ble ester of cholesterol) from ascorbate suifate,
must be considered. Both of these substances
have been identified in humans (38--40) and
- the sulfating ability of ascorbate sulfate has
been amply substantiated chemically (41).
Furthermore, it has been shown (42, 43) that
administration of ascorbic acid and ascorbic
acid sulfate to rats results in a twofold and a
fiftyfold elevation, respectively, of the fecal
excretion of cholesterul sulfate.

KRUMDIECK AND BUTTERWORTH

Other effects of ascorbic acid on the metabo-
lism of sulfur-containing compounds can be of
great significance in explaining the vitamin’s
purported role in the prevention of athero-
genesis. As briefly mentioned before, a
characteristic biochemical lesion of ascorbate
deficiency seems to be a relative diminution
of ...the sulfated mucopolysaccharides (or
glycosaminoglycans, abbreviated “GAG”) of
connective tissue, It has also been shown that
nonsulfated GAG of the hyaluronic acid type
obtained from atherosclerotic human aortas
bind plasma lipoproteins and fibrinogen (44),
although another GAG fraction of the same
tissues having a high content of sulfate does
not. These findings seem to indicate that an
abnormal ratio of sulfated to nonsulfated GAG,
perhaps resulting from marginal, relative, or
even localized deficiencies of ascorbic acid (or
derivatives thereof, e.g., ascorbic acid sulfate)
could provide the altered ground substance on
which the lipids accumulate as a secondary
event in the arterial wall. It is worth mentioning
that the content of nonsulfated GAG in the
aortas of several animal species decreases
together with their susceptibility to experi-
mental atherosclerosis (45) and that the aorta
of female cattle contains a lower amount of
nonsulfated GAGs than their male counter-
parts, again in keeping with the higher suscep-
tibility of males to arterial disease (45). Besides,
numerous studies have been publishied showing
beneficial effects on both human (46, 47) and
experimental (48, 49) atherosclerosis resulting
from the administration of sulfated glycosa-
mino glycans.

In the light of this discussion, it is pertinent
to consider the adequacy of the present
recommended dietary allowances for ascorbate
and the possibility of side effects associated
with higher levels of intake. The Recommended
Dietary Allowances (50) establishes 45 mg/day
of ascorbate as the amount recommended for
an adult man, or approximately 0.7 mg/kg of
body wt. As pointed out by Stone (51), it is
remarkable that, the recommended intakes of
ascorbate on a per kilogram basis for other
primates and for guinea pigs, as established by
the Committee on Animal Nutrition in its
publication Nutrient Requirements of Labora-
tory Animals approximates 10 mg/kg for
monkeys and between 20 and 50 mg/kg for
guinea pigs. The latter has been verified
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recently by Yew (52). The gross discrepancies
(a 10- to 50-fold differential) between the
recommended allowances for man and other
ascorbate-requiring animals are undoubtedly
the result of having based the human require-
ments on the amount necessary to prevent
scurvy in a healthy, resting young man (approx-
imately 10 mg/day), whereas the animal figures
are based on the amounts required for optimal
health, including parameters such as growth
rates, responses to surgicul stress, wound heal-
ing rates, resistance to infection, and others
(52). Boume (53) and Pauling (54) have
presented an intriguing evolutionary argument
that places the amount of ascorbate that would
be consumed by a vegetarian hominid at almost
2,300 mg/day, or close to 40 times the RDA,
and neurly the same, on a per kilogram basis, as
the amount recommended for monkeys and
guinea pigs.

Since the publication in 1970 of the book
Vitamin C and the Common Cold by Linus
Pauling (54), there has been a resurgence of
interest not only in the c!inical effects of the
vitaniin but in its mechanism of action. There
have now been at least three well-designed,
independent, and carefully conducted studies
all of which suggest the effectiveness of
vitamin C in reducing the incidence and severity
‘of upper respiratory infections (55—57).
Although one may speculate as to whether the
observed results are due to a nutritional or
pharmacological mode of uction, it now seems
well-established that beneficial effects do occur.
Coulehan et al. (57) are inclined to favor a local
pharmacological action on the respiratory
mucosa, but the evidence of Anderson et al.
(55) suggests a more generalized henelit. In the
context of the present review regarding athero-
sclerosis, the important point seems to be the
rdemonstration of desirable effects at a level of
intake exceeding the minimal amounts neces-
sary to prevent scurvy. It seems reasonable to
ask if similar levels of intake wil! be beneficial
in other tissues, such as blocd vessels.

Toxicity has not been observed with pro-
longed ingestion of ascorbate in amounts of 1.0
to 2.0 g/24 hr (54), although some concern has
been expressed on theorctical grounds over
possible ill effects at this level of intake. The
possibility of oxalate stonc¢ formation in the
kidney has been investigated experimentally on
human volunteers and animals by Takenouchi

and associates (58). Upon oral or intravenous
administration approximating 3.0 g/24 hr of
ascorbic acid, there was no significant increase
of urinary oxalate. Fear of this potential
complication seems therefore unwarranted. Pro-
longed use of ascorbic acid in large doses may
be undesirable in certain situations such as
hepatic cirrhosis, renal tubular acidosis, uremia,
and hemolytic anemia ‘due to glucose-6-phos-
phate dehydrogenase deficiency. However, we
are not aware of any well-documented reports
of ill effects ascribable to high doses of
ascorbate, although there have been several
large-scale studies. The paucity of adverse
reports suggests that doses as high as 20 times
the current RDA are well-tolerated by the vast
majority of the population.

—

Possible relationships between lecithin and
cholesterol in the etiology of atherosclerosis

Free cholesterol, which predominates in both
early and advanced atherosclerotic lesions (59),
is virtually a water-insoluble compound. More-
over, its ring structure cannot be degraded by
the animal organism. It is true that ring opening
occurs upon exposure of 7-dehydrocholesterol
in the skin to ultraviolet light, but this involves
only microgram quantities and is negligible in
considering total cholesterol turnover. The
consequence of these facts is that once choles-
terol is deposited in a tissue, months may be
required for its removal (69); furthermore, only
a limited number of mechanisms seem to exist
for mobilizing it. These include: /) transforma-
tion into a more water-soluble derivative, 2) dn
alteration of the physicochemical properties of
the solvent (plasma) to allow a greater uptake
of the unmodified cholesterol, and ?) phagocy-
tosis.

The synthesis of cholesterol derivatives in the
arterial wall takes the form of ester biosynthe-
sis, the acid moiety of which is provided by a
variety of fatty acids (with the exception of
cholesterol sulfate mentioned before). The
properties of the cholesteryl esters vary with
the kind of fatty acyl moiety esterified to the
sterol. Adams (61) has ranked the sclerogenic
properties of free cholesterol and its esters in
the following decreasing order: monounsuafu-
rated esters — free cholesterol ~ saturated
cholesteryl esters -- cholestery! linoleate (18:2)
- cholesteryl linolenate (18:3) — cholesteryl
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arachidonate (20:4). Furthermore, the rale of
resorption of cholesterol and cholesteryl ester
implants is higher for the triene and tetraene
cholesteryl esters. Clearly then, as polyunsatu-
rated esters are the least sclerogenic and the
easiest to remove from tissue deposits, their
formation should be beneficial in both the
prevention and resolution of atherosclerotic
plaques. The origin of, and the mechanism of
esterification to, cholesterol of the polyunsatu-
rated fatty acids therefore assumes considerable
significance. There 15 mounting evidence sup-
porting the role of the enzyme lecithin:choles-
terol acyltransterase (LCAT) as the main
catalyst of cholesterol esterification (Fig. 1).
This enzyme, which was discovered in plasma
by Sperry (62) many yeurs ago, catalyzes the
transfer of a fatty acyl residue from the
ip-position of a lecithin to the hydroxyl group
of cholesterol. Individuals who lack this en-
zyme develop hyperlipidemia and atherosclero-
sis at an early age (03). It is important to
remember that lecithins, like triglycerides,
constitute a large family of related compounds
differing in the kinds of fatty acids esterified to
positions | and 2 of the glycerol moiety.
Obviously, not all lecithins will serve equally
well as substrates for the LCAT enzyme, an
important fact demonstrated in vitro by
Murphy in 1962 (64). It follows therefore that
only those lecithins bearing a polyunsaturated
fatty acid in position 2 and serving as good
substrates for the lecithin:cholesterol acyltrans-
ferase would promote the desirable synthesis of
polyunsaturated cholesteryl esters and favor the
removal of cholesterol deposits, Saturated leci-
thins would not do this. That such-is indeed the

CN.»O— SATURATE( FATTY ACID
|

1
UNSATURATED - 0~C# [+] + N
FATTY ACH ] 1
co CH, -0~ P~ CHOLINE rl—'
+

“ LU

LECITHIN  S-UNSATURATED

b

LECITHIN CHOLESTEROL
~ ACYLTRANSFERASE

2

CHOLESTEROL

CH,-0-SATURATED FATTY ACIO
NO-?N o +
"
CH-0- P- CHOLINE
LI UNSATURATED ™
o FATTY ACID

LYSOLECITHIN. CHOLESTERYL ESTER

FIG. 1. Role of lecithin:cholesterol acyltransferase
in cholesterol esterification.
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case is indicated by experiments of Adams and
co-workers (65) demonstrating that the admin-
istration of a polyunsaturited lecithin derived
from soybean not only accelerated the resorp-
tion of cholesterol much more effectively than
the relatively saturated lecithins from eggs, but
in effect prevented the development of choles-
terol-induced atheroma in the rabbit (66). The
disappointing fact that in this species the
lecithin had to be administered intravenously
does not rule out the possibility that oral
feedings of the soybean lecithin may be
effective in humans. In this regurd, it is most
important that Bloom et al. (67) and Blom-
strand (68) conclude that a highly significant
amount of ingested lecithins is absorbed

intact. The reports of beneficial effects of

soybean lecithin supplementation in human
atherosclerosis (69) lends direct support to the
above contention.

It is indeed probable that the beneficial
effects derived from a diet rich in polyunsatu-
rated fatty acids may be obtained through their
prior conversion in the body to 2-polyunsatu-
rated lecithins with subsequent transfer of the
polyene acid onto free cholesterol. Most impor-
tant to note is that this mechanism would be
entirely dependent on the ability of the body
to synthesize the polyunsaturated lecithins
from the polyunsaturated triglycerides provided
in the diet. The requirements of the lecithin
synthesizing enzymes may thwart this possibil-
ity It is known (70, 71) that the enzyme which
converts  D-aS-diglycerides to lecithins by
reaction with cytidine-diphosphate-choline has
a pattern of specificity for diglycerides such
that some of them (i.e., aB-dioctanoin, dilau-
rin, or dipalmitin) are not at all utilized in
lecithin synthesis. The presence in thedict of a
polyunsaturated triglyceride is therefore no
guarantee that the desired 2-polyunsaturated
lecithin would be formed from it. As men-
tioned earlier, it would make better sense to
administer the preformed compound, particu-
larly since lecithins are largely absorbed intact.

Rutenberg and Soloft (72) have presented
experimental evidence to support the involve-
ment of lecithin:cholesterol-acyltransferase in
the mechanism responsible for removal of free
cholesterol tfrom the arterial wall. Their hypoth-
esis is based on the work of Murphy (64) who
demonstrated an equilibrium between free
cholesterol of plasma and red blood ceils; the

—
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flux of free cholesterol from the cells to plasma
increases as the free cholesterol of plasma
becomes esterified. Cholesterol esters do not
exchange with red cell cholesterol which is
nearly totally free. Rutenberg and Soloff
propose a similar equilibrium between plasma-
free cholesterol and that of the arterial tissue.
Increasing the esterification of the free choles-
terol of plasma should allow more cholesterol

to leave the arterial wall. Experimental support

for this mechanism is provided by their work
together with intriguing preliminary evidence of
impaired cholesterol esterification in patients
with myocardial infarction and chronic coro-
nary artery disease (72). A deficiency of LCAT
(or perhaps one form of LCAT) can be
suggested as an etiological factor in atheroscle-
rosis. In this regard the reported diminution of
LCAT activity in plaques and complicated
lesions as compared wilh futty streaks (73) as
well as the extensive atherosclerotic changes in
the abdominal aorta of a patient with heredi-
tary LCAT deficiency who died (74) neatly fits
the scheme,

The physicochemical role of lecithins in the
solubilization of cholesterol in aqueous media
has great biological significance and has been
the subject of some excellent recent publica-
tions. Even though the enormous complexity of
biological fluids such as plasma cannot be
faithfully reproduced by luboratory models,
much has been gained by the study of these
simplified systems. Small (75) in developing a
classification of biological lipids based on their
interaction in aqueous systems has shown that,
even though cholesterol at 22 C js virtually
insoluble in water, a one-phase lamellar liquid
crystal is formed upon addition of lecithin. The
maximum amount of cholesterol that can be
incorporated into this phase being one molecule
per molecule of lecithin. Of great importance
again is the fact that the degree of unsaturation
of the fatly acids of the lecithin greatly
influences its ability to forin a liquid crystal at
the temperature of the body. Thus...“di-
stearyl lecithin will not form a liquid crystalline
phase at room temperature. However, at 70°C
the hydrocarbon parts of the molecule melt and
the crystalline phase transformation takes
place. On the other hand di-linoley! lecithin will
form liquid crystals at 0°C in water” (74).
Obviously, distearyl lecithin at body tempera-
ture will contribute little if anything to the

solubilization of free cholesterol, whereas dilin-
oley! lecithin would contribute significantly.
Essentially the same type of results have been
reported by Hofmann (76) and by Saunders
and Wells (77).

It is worth emphasizing that none of the
possible mechanisms adduced to support the
role of unsaturated lecithins in the prevention
of atherosclerosis are mutually exclusive. In
fact, it is likely that more than one would enter
simultaneously into play,

Summary

In this review we have attempted to focus
attention on some of the factors involved in the
injury—repair systems of the arterial wall as
well as to factors favoring the deposition of
lipid at sites of injury. No effort has been made
to review fuctors such as mechanical stress and
hypertension which have a rather well-estab-
lished link to the development of atherosclero-
sis. Likewise, it has not been possible to
consider in detail events such as radiation injury
or exposure to toxic drugs and chemical agents
which might produce localized dumage to
arterial walls. However, considerable evidence is
cited emphasizing the importance of intercellu-
lar glycosamino-glycans in arterial wall metabo-
lism and the important role of ascorbic acid
in the formation of these materials. Evidence is

available from studies involving both humans

and experimental animals, that in ascorbate
deprivation, there is an accumulation of the
nonsulfated polymers in the arterial wall. Such
mucoid material binds plasma lipids and fibrin-
ogen with greater affinity than do the sulfated

.polymers. Ascorbic acid also appears to play a

significant role in cholesterol metabolism, In a
number of animal experiments and in some
(but not all) human studies, ascorbate is
reported to have a cholesterol-lowering effect.
Thus, vitamin C seems to occupy a position of
unique importance by virtue of its involvement
in two systems: the maintenance of vascular
integrity and the metabolism of cholesterol to
bile acids.

This review describes certain aspects of
cholesterol mobilization as related to S-unsatu-
rated lecithins. These compounds, through the
action of the enzyme lecithin:cholesterol acyl-
transferase, may play a key role in the
formation of cholesterol esters and also aid in

Sy i e p—— |
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cholesterol transport through the formation of
water-soluble systems. Although vitamin C and

the
wid

lecithins are bcing actively promoted and
ely sold in health-food stores, there have

been no carefully controlled scientific evalua-
tions of either their effectiveness or safety in

stat
our

istically significunt groups of humans. 1t is
beliel that the available evidence clearly

justifies, and indeed calls for, such studies.
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I. INTRODUCTION

The domain of lipids comprises substances ranging from simple fatty acids to the
complex phospholipids and from steroids to certain fat soluble pigments and vitamins?.
In the past, these compounds have been considered related mainly because of their
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mutual solubility in organic solvents and not necessarily because of other physical,
chemical or biochemical characteristics. Many of them, however, occur together in
lipoproteins and lipid membranes where they apparently form highly organized
structures possibly of a liquid crystalline type? Therefore, the study of the chemical
composition and structure of natural lipid mixtures has become of great interest, It is
hoped that the knowledge of complete lipid composition will help in the elucidation
of the molecular relationships in lipoproteins and lipid membranes and will further
the understanding of the phenomena governed by these physical systems.

Because of the chemical diversity of these substanccs, the major difficulty
associated with any study of the chemistry or biochemistry of lipids has been that of
isolation and separation into individual components!. The closely related solubility
properties have made the purification of these substances by classical means virtually
impossible. Within the past few years, however, new and improved procedures based
upen the principle of chromatography have been forthcoming and have allowed a
better fractionation and more complete identification. The chromatographic efforts
have culminated in the development of combined or integrated thin-layer (TLC)
and gas-liquid chromatographic (GLC) systems, which permit an essentially complete

¢resolution and quantification of all components of natural lipid mixtures. The present
review is restricted to the consideration of such integrated systems only, and does not
constitute an attemipt at a comprehensive review of either TLC or GLC techniques
themselves, detailed accounts of which may be found elsewhere. The review includes
a theoretical section in which the more obvious advantages and possible disadvantages
of the integrated analytical systems are discussed.

2. THEORETICAL CONSIDERATIONS

In the integrated TLC-GLC system to be discussed, the preparative TLC step
effectively replaces chromatography on silicic acid columns as a means of isolation of
individual lipid classes. The experience gained from the work with the silicic acid
columns, however, has been invaluable in the development of satisfactory TLC
systems. Besides supplying information for an intelligent choice of developing and
eluting solvents, adsorption chromatography on silicic acid colunins has provided the
reference separations necessary for appraising the success of the early TLC~GLC
combinations. It is both informative and experimentally instructive to open the
discussion with a brief consideration of the factors involved in developing the inte-
grated TLC-GLC systems,

(@) Advantages of the integrated svstems

In most cases, TLC results in better resolution in a shorter period of time than com-
parable column adsorption chromatographic techniques and has therefore beconie an
indispensible tool in lipid analysis. The great advantages of TLC, however, are fully
exploited only if it is combined with other chromatographic systems that provide
complementary separations. For the analysis of lipids, GLC is superior to any other
technique for detailed resolution and quantitative estimation of the small amounts
of material convenicntly obtained from analytical TLC plates.

References p. z03.
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1. Complementary nature of scparation

TLC is capable of fractionating lipids according to chemical classes and degree of
unsaturation, as well as of resolving certain members of homologous series and some
sterco and positional isomers®. In this respect it resembles chromatography on ad-
sorption columns except that the separations on the thin-layer plates are more com-
plete and more rapidly accomplished. Only a few mg of material are required for the
separation and relatively crude extracts may be employed. TLC has proved to be
especially useful for separations of classes of compounds which are either insufficiently
volatile or too unstable for analysis by GLC,

Although complete separations of most lipid classes are readily accomplished
by TLC, direct quantification from plates is difficult®. GLC is capable of the greatest
sensitivity, highest resolution and accuracy in the analysis of fatty acid methyl esters,
sterols and other low molecular weight lipids®, but neutral glycerides® and steryl
esters? can also b effectively determined. The glycerides and steryl esters are resolved
on the basis of nwlecular weight only, and each GLC peak may represent a group of
compounds of the same molccular size. The composition of these peaks may be
determined following collection by preparative GLCE and analysis of the component
acid and alcohol parts of the malecule by conventional GLC. The fatty acids after
conversion into the methyl esters can be completely resolved on the basis of molecular
weight, unsaturation and geometric or positional isomerism3. The GLC scparations
can conveniently be carried out at the nanogram level®, although usually samples
of a few micrograms are used. A single TLC spot can provide enough material for
several runs in the gas chromatograph.

The subfractionations of lipid clusses on the basis of unsaturation, provided by
TLC on silver nifrate impregnated silica gel'®, are of great interest in the study of
biochemical transformations of lipids. Although individual components are scldom
obtained, each lipid class is broken down into simpler and more accurately defined
mixtures than those obtained by conventional TLC. GLC is ideally suited for the
quantification of the small amounts of material available from such analytjcal plates
as well as for further resolution and/or collection of fractions of uniform molecular
size from preparitive silver nitrate separations. Some of the possibilities provided
for the analysis of a complex lipid class, by the combination of TLC and GLC, are
illustrated in Table 1 using natural lecithins as an example. The overall scheme
appears to be suitable for the analysis of other phospholipids such as phosphatidyl
serine, phosphatidyl ethanolamine and phosphatidyl inositol, all of which have been
found to yicld diglyceride acetates on acctolysis!!. Analytical sequences utilizing
combinations of TL.C and GLC in the determination of triglyceride structure have
vielded more accurate analyscs than either of these methods used singly, or indeed
than any other method of fractionation?2.

In addition to providing individual chemical classes of lipids for effective further
separation and quantification by GLC, T1.C also serves as a means of purification
of the appropriate lipid components. It is thus secn that the combination of TLC and
GLC is not only favorable from an analytical standpoint, but that it is a practical,
feasible system which can facilitate and improve any lipid analysis regardless of
whether or not the need for all the information potentially available is immediately
required. As a result of the application of the integrated complementary analysis by
GLC and TLC it becomes possible to determine the fatty acid composition and the
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TABLE 1

175

SCHEME FOR COMPLETE ANALYSIS OF LECITHINSI3

A

B

C

1. Isolation of pure lecithing

by TLC.

2. Acetolysis or specific
hydrolysis by phospholipase ¢

(RENKONENIL),

3. Scparation of diglyceride

acctates by silver nitrate
TL.C.

1. Isolation of pure lecithins
by TLC.

2. Separation of lecithins by
silver nitrate TLC (ARVID-
SoN1%).

3. Isolation of saturates,
monocnes, dienes and poly-
encs as diglyceride acetates.

. Isolation of pure lecithins

by TLC.

. Separation of lecithins by

silver nitratec TLC.

. Specific hydrolysis of

original mixture and each
subfraction by phospho-

lipase a.

4. Analytical and preparative 4. Preparative GLC and specific 4. Complete fatty acid analysis
G1.C of saturates, mnonoencs, lipase hydrolysis as in A. of the original mixture and
dienes and polycnes (Kuksis each subfraction.

AND Maranld). )

5. Specific lipase hydrolysis of 5. Complete fatty acid analysis 5. Reconstruction of the com-
diglyceride acctates of of the original mixtuie and position of the original
uniform moleonlar weight cach subfraction as in A. mixture from fatty acid
and uniform degree of un- data” obtained in A, B
saturation. and C.

6. Complecte fatty acid analysis 6. Reconstruction of the compo-
of the original mixture and sition of the original mixture
each subfraction. from fatty acid data”.

7. Reconstruction of the compo-
sition of the original lecithin
mixture from the futty acid
data”.

* I'revious knowl dge of the reproducibility and reliability of the fatty acid data from each
fraction is used and, if necessary, certain nicasurements are assumed to be absolutely precisc so
that other values can be calculated by difference. Simple normalization is not used unless there is no

alternative.

chemical structure of individual members of each lipid class, except for positional
isomers which must be determined by specific enzymic hydrolysis.

2. Easc of quantification

Since all the peaks obtained in the analytical gas chromatograph can be measured
by means of internal standards, there is no need for quantification on T1.C plates,
provided complete transfers and recoveries have been made at each step. Although
phospholipids as such cannot be recoverced by GLC, they can be measured by this
means as the diglyeeride acetates!® after acctolysis or as the fatty acid methylesters
following transmethylation!. The transformation of the phospholipids into the methyl
esters of fatty acids® or diglyceride acetates'® in the presence of the silica gel, avonls
the necessity of obtaining complete elutions of the more strongly adsorbed original
materials. Tt serves also as a means of determining the completeness of recovery when
such is attempted. The addition of a carefully measured amount of an internal standard
(usually a forcign fatty acid ester) to the lipid mixture to be analyzed by GLC, and
subsequent quantitication on the basis of the recovered areas, is universally applicable
and a convenient method of climinating the need for accurate injection of small
quantities of lipid dissolved in highly volatile organic solvents. Reliance upon GLC
for the quantification of the components separated by TLC allows much more
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sensitive and specific measurement than the charring by sulphuric acid, or determi-
nation of organic phasphorus, as frequently used for the estimation of neutral and
phospholipidst. The possibility of regular cross-checks of the separated and recovered
materials as well as reference comparisons to the original materials, permits the
achicvement of an accuracy not previously realized in the quantitative analysis of
any mixtures of natural compounds of comparable complexity. With the increasing
number of cross-checks, however, the amount of paper work increases tremendously
and the analysis of several hundred samples may require considerable time for
calenlations. The summations of products and normalizations, however, are rather
simple and lend readily to computer progranuning. By mecans of an adequately
prepared program the data can be taken directly from the chart paper or print out
integrator, entered on the computer cards and the concentrations obtained within

a few minutes,

3. Speed of analysis

With the final calculations and normalizations handled by a computer, and the peak
areas obtained by electronic print out integrators, the only time consuming steps
remaining in this analytical system are the preparation of the original lipid extract
and the transesterification following TLC or preparative GLC separations. Both TLC
and GLC require ubout 1/2 to 1 h for each run, but several runs may be made at a time
if enough instrumients are available. The total analysis time for most lipid mixtures
can therefore be reduced to a few hours and an overnight transestcrification. In
contrast, the time required to complete the separation of the neutral and phospholipid
components by conventional analytical adsorption columns may require one or more
wecks, and are unlikely to result in resolutions of comparable quality. Despite the
great speed-up in the total analysis time already achieved, there is good reason to
believe that further savings in time and labour are possible. The simplicity and general
applicability of the integrated system suggests that at least certain stages of the
system could be adapted to automation. At the moment the most obvious short-cuts
are to be made in the employinent of print out integrators for the measurement of the
peak areas and the use of a computer for the final quantification, normalization and
the expression of the analytical data in a meaningful form.

(b) Disadvantages of the ﬁztegmtad systems

In principle there seems to be no reason why the lipids separated by one TLC system
could not be rechromatographed in another TLC system or be used for further gas
chromatographic separation after elution as such or following transmethylation. A
close examination of the experimental conditions commonly employed in lipid sep-
arations by TLC and GLC, however, suggests that certain precautions must be
observed if true and reproducible results are to be obtained.

1. Oxidation on TLC plates

One obvious disadvantage might be the increased opportunity for oxidation of the
unsaturated fatty acids due to the larger surface of lipid exposed to air in the TLC
analysis. It has been shown?, however, that under normal conditions of operation no
detectable oxidation occurs within 10 minutes of the separation. Oxidation can be
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easily demonstrated by means of two-dimensional TLC, If highly unsaturated lipids
are chromatographed in two dimensions in the same solvent system, the resolved
substances line up diagonally if oxidation is absent. If the plate, after a run in one
direction, is exposad to air for prolonged periods of time, polar oxidation products,
which migrate more slowly, may be obscrved. OETTE™ has described other TLC
methods for the identification of lipid peroxides. It has been noted that auto-oxidation
occurs rapidly if the chromatoplate is not protected by a solvent film?, It is therefore
important that the silica gel sections containing the scparated components be scraped
off the plate while the layer is still wet and the scrapings be transferred directly into
the eluting or transmethylating solution. In several studiest 11,1517 evidence has
-been obtained that indicates that the analytical plates can be processed rapidly
enough to avoid the oxidation of polyunsaturated acids even when severallipid bands
have to be located and scraped off. Replicate analyses for linoleic and arachidonic
acids have given values comparable to those obtained after column separation®. The
GLCanalyses of po.yunsaturated fatty acids obtained from lipids previously recovered
from TLC plates have given results in reasonable agreement with values found by
alkali isormerization for non-conjugated dienes, triencs and tetracnes?s 17,

Some changes from exposure to air must be expected with the more labile
phospholipids such as phasphatidy! cthanolamine and phosphatidyl serine, if repeated
separations by TLC are used for their isolation, unless special precaution is taken of
operating largely under an inert atmosphere, It is possible that some of the minor
unidentificd GLC peaks commonly observed in fatty acid clutions represent decompo-
sition products from the auto-oxidation of unsaturated fatty acids. It would appear,
however, that the rapidity of the separation and the simplicity of sample preparation
would recommend TLC especially for the handling of labile compounds since the time
in which oxidation can occur is limited.

2. Adsorption on T1.C plates
As a result of the application of TLC to the separation of various substances it has
become increasingly apparent that TLC is most efficient when conducted under
conditions approaching partition chromatography. In designing or selecting systems
for quantitative TI.C, therefore, attempts should be made to climinate strong ad-
sorption properties in the silica gel in order to eliminate the spreading and tailing of
spots or bands. It has been observed!® that with the ordinary silica gel preparations
containing CaSO, as a binder, only acidic substances including fatty acids, sulpho-
lipids, and the acidic phospholipids show appreciable adsorption characteristics. Mach
of this adsorption can be avoided by substituting the CaSO, with magnesium silicate,
which attaches the adsorbent to the glass plate but shows minimal adsorption effects
itself. Other workers recommend adding ammonium sulphate!® and sodium acetate
or sodium carbonate®® to silica gel G to suppress adsorption effects. To completely
climinate thespreading, it is necessary to incorporate an acid into the chromatographic
svstem, which prevents adsorption by depressing the dissociation of the acidic li]lifl.\‘.
It is obvious that badly tailing spots or bands are more likely to overlap with
neighboring components and result in mutual contamination than well rounded spots
or compact bands. Strongly adsorbed components arc also difficult Lo recover f.mm
theadsorbent layers following the development of the chromatogram. Thisis especially
true for the phospholipids the recoveries of which, as judged by extractable organic
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phosphorus, may frequently be less than quantitative. Thus phosphatidyl serine has
been recovered after one- and two-dimensional TLC in yields of only 87 and 849
respectively®!, Conversion of the phospholipids into the less polar fatty acid esters by
treating 1he silica gel with methanolic sulfuric acid results in complete recovery of
the fatty acid parts*-22. Furthermore, strong adsorption is more likely to bring about
degradation of the more labile polar lipids. Thus, highly active anhydrous silicic acid
columns have a tendency to degrade cardiolipin®?, phosphatidyl ethanolamine? and
the plismalogens®, while the silica gel layers developed with water containing solvent
systerns show no such adverse effects?. IEfforts should therefore be made to avoid
adsorption as much as possible and silica gel preparations. should be tcstcd for re-

coveries of lipids before they are used for quantitative studies,

3. Incomplete recoveries from GLC

The successful use of GLC for the quantification of the lipids separated by TLC
depends upon the proper operation of the GLC systems, and a quantitative recovery
of all componunts. Although it is commonly accepted that GLC allows quantitative
fatty ucid analysis, true quantilications have seldom been made. Usually the total
amount of the lipid 15 ascertained gravimetrically and only the proportions of the
major {atty acids are determined by G1.C. Furthermore, the isothermal systems com-
monly employed in fatty acid analyses® are not very well suited for the determination
of the great variety of acids found in a natural lipid mixture. While the medium
chain length saturated fatty acids are effectively estimated in such systems, the
recoveries of long chain unsaturated acids are low and difficult to evaluate because
of the extremely long retention times and ilat peaks. Low recoveries of long chain
acids are also obtained on heavily loaded GLC columns under temperature program-
ming. For an effective quantification of both short and long chain fatty acids, thin
film columns combined with temperature programming give the best results and the
sensitivity and reliability of the estimate can be greatly improved by the use of dual
column systenis. The choice of the GLC system and the available alternatives, are
discussed elsewhere in the text. It suffices to say that quantification of all fatty acids
by GLC is theoretically and practically feasible, although not all commonly employed
methods are satisfactory.

Suitable thin film columns have also been described for the GLC analysis of
triglycerides® and steryl esters”. Although the recoveries of these components (average
relative error 5 %) arc somewhat less quantitative than those realized with the fatty
acid methy! csters under optimum conditions (relative error less than 19), they
compare favorably with any other methods of measuring the lipids resolved by TLC.
With increasing molecular weight, the GLC recoveries of steryl esters and neutral
glycerides became progressively lower and losses of up to 25 9, have bcen encountered
for compounds of the molecular weight of trierucin®, Low recoveries on GLC are also
experienced for trilinolein and other polyunsaturated triglycerides although triolein
and cholesteryl linoleate and arachidonate can be quantitatively recovered’.

Phospholipids as such cannot be recovered from GLC columns, but their diglyceri-
de parts can be analyzed readily in the form of their acetates' prepared by acetolysis.
Because of the rather low molecular weight, the diglyceride acetates can be recovered
quantitatively ¢ven when long chain unsaturated fatty acids are present. It is there
fore seen that for an eflective quantification of the lipid components resolved by TLC,
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a judicious choice of the appropriate GLC system is necessary. Although most compo-
nents can be estimated on the basis of their fatty acid content, a direct quantification
of the compounds, particularly after a further GLC resolution of the lipid class, pro-
vides much additional information. The need to usc an internal standard for frequent
checks of the recoveries, and as a general means of quantification, is not an additional
burden but sound analytical practice.

3. PRACTICAL CONSIDERATIONS

During the past few years both TLC and GI.C have become established as routine
methodsin thelipid research laboratory. Detailed accounts of the separations obtained
and the general techniques to be used have been presented for both the TL(C34,10
and GLC5%2, for the lipids under consideration. For a successful combination of
TLC and GLC techniques for quantitative lipid analysis, however, only a few of the
general systems have proved satisfactory and have provided superior data. Many
others have caused loss or destruction of valuable saraples with resultant disappoint-
ment. The following section reviews those modifications of the general techniques
which have proved best suited to a mutual integration of the two techniques for rapid
quantitative analysis of natural lipid mixtures. The discussion is preceded by a
brief note on the choice of the lipid sources and the preparation of the extracts,

(@) Preparation of lipid samples

The availability of efficient TLC and GI.C equipment has allowed an intensive study
of the composition of natural lipid mixtures. Most investigators, however, have con-
centrated their cfforts on a thorough analysis of the fatty acids of one or a few lipid
classes from one tissue, and have made comparisons between the findings in health
and discase. Rarely, however, can these data be generalized or even satisfactorily
reproduced as the source of the lipids has not been adequately established or defined,
Furthermore, in view of the work of GALANOS AND KAPOULAS® there may need to be
a thorough re-examination of the methods of preparation of the originallipid extracts

1. Definition of source

In order to establish, with as much detail and accuracy as possible, the lipid patterns
of normal and diseased individuals of both sexes and of different ages and nutritional
status, it is undesirable to pool samples from different subjects. The analytical systems
discussed here require only minute amounts of material and it is possible to determine
the lipid composition of any part of even a small individual organ. As the analvses
become more refined there is a need for still better definition of the origin of the lipid
mixfure and simple total tissue extracts may not be satisfactory. The lipid extractions
must be preceded by tissue fractionation, isolation of well defined cellular fragments
and their constituent lipoproteins or glycolipids, before a meaningful lipid analysis
can be profitably attempted. Although a varicty of subcellular fragments can readily
be prepared and the lipid composition determined2s, only vne attemnpt3 appears
to have thus far been made to ascertain the lipid composition of the lipoprotein
complexes of individual subcellular organelles. Before individual lipoproteins can be
effectively analyzed further improvements will have to be awaited in the fractionation
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of lipoproteins. Separations based on centrifugations in density gradients would not
appear to bring about complete resolution of all lipoproteins and may not even reveal
the true heterogencity of the sample. Electrophoretic techniques have been shown3?
to be capable of much finer ditferentiation, but thus far have had only limited ap-
plication in the isolation of lipoproteins for detailed lipid analyses.

2. Methods of xlraction

Since the most complete analytical scheme cannot recover the information about
fractions lost in the preparation of the sample, the methods used in the extraction
and ~olation of the lipid mixtures are as Important as any of the separations or
quantifications subsequently performed. For this reason much time and effort has
heen expended in devising the best system for each isolation. The general methods
suitable for the preparation of lipid sarples for TI.C Lave been discussed by Maxn-
GoLp® The lipid extraction procedures must give complete iselations and must not
produce artifacts of esterification or oxidation. The possibility of formation of methyl
esters of fatty acids during extraction of tissue lipids with chloroform-methanol has
been demonstrated by LoUGH of al. 3, who reported that hicarbonate played a catalytic
role in the formation of methyl esters of fatty acids. This observation has been
confirmed by SKirsk1 ef al. 3 who showed that the formation of the fatty acid methyl
esters inserum lipid extracts could be prevented if the serum was subjected to dialysis
against distilled water prior to the chloroform- methanol extraction. Formation of
methyl esters of fatty acids was also prevented when non-alcoholic solations were
used for serum extraction without prior dialysis. The presence of methyl esters in
other human and animal tissues, however, has been reported using chloroform-
propanol and etiier™ and petroleum ether® as well as chloroform, acetone-chloroform,
glycerol-chloroform and propylene glycol-chloroform® as the extraction solvents
and therefore could not be the artifacts of sumple preparation. When the Bloor
mixtuie is used, complete extraction of lipids from very fatty tissues requires slight
heating of the hiomogenate with ethanol - diethyl ether. Brain lipids are only partially
extracted by this method?. Extraction of lipids according to FoLcH ef al.® gives very
good yields of complex lipids, such as proteolipids and gangliosides in a form snitable
for TLC. Total lipid extracts prepared under these conditions usually also contain
free amino acid- and peptides, sugars, and other hydrophilic natural products which
are carried into the extract through the action of lecithin and other solubilizers. It is
very dilficult to remove these contaminants completely unless some chromatographic
systemis used. The cellulose column methods are the most suitable for separating lipids
from non-lipids. These are partition columns, however, and separations are performed
by chloroform-alcohol water mixtures which tend to produce channelling and often
results in admixture of fractions!®, The low solubility of triglycerides and steryl
esters of saturated fatty acids in the water saturated systems leads to tailing into the
water soluble fraction unless very large elution volumes are used, which is expensive
and time consuming. Traces of sulphatide and phosphatidyl scrine may be present in
the watcr soluble fraction’, The suitability of other column systems for the purification
of lipid extracts and a preliminary resolution of the more polar lipid clusses prior to
quantitative thin-layer chromatography has been reviewed in detail by Rouskr et
al.®. However, in the preparation of lipid extracts satisfactory for quantitative TLC,
using GL.C with internal standards for the final (uantification, the presence of trace
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amounts of non-lipidsin the sample is not critical. In fact it may be desirable to reduce
the amount of handling of the totallipid extract to avoid losses and possible oxidation.
Since the extracted mixture is not to be weighed or examined by charring or colori-
metry at any stage, there can be no interference from impurities and there is no need
to purify the lipid extract to the same extent as would be required if the material
was to be analyzed by conventional methods or by charring with sulphuric acid on the
TLC plates.

Furthermore, it may be necessary to discontinue the practice of effecting a
preliminary resolution of neutral lipids and phospholipids by adsorption column
chromatography prior to the lipid cluss separations by TLC. In view of the demon-
strated®» %8 degradative cffects of silicic acid columns upon the phospholipids, the
lipid fractions recovered from anhydrous adsorbent columns are unreliable for detailed
quantitative work. There may however, be good reasons®® to retain the DEAE
cellulose column as an effective means of preliminary resolution of polar lipid classes
for subsequent examination by the combined TLC-GLC approach.

The lack of interference of non-lipid constituents with the TLC separation and
subsequent GLC quantification is best illustrated by the success of TLC following
dircet application of scrum to thin-layer plates®® 4. Thus, when 20 ul per spot of
serum were applied to layers of 0.25 mm thickness and the plates developed three
times to a height of 5 6 cm with chloroforin methanol (2:1, v/v) prior to the final
development in the solvent system hexane -diethyl ether-acetic acid (80:20:1.5,
v/v/v} the resulting clwromatograms were virtually indistinguishable from those
obtained when lipid extracts of the sera werc chromatographed®!,

In connection with the selection of solvent systems suitable for the extraction
of native lipid mixtures, the studies of GaLaxos AND Karouras® are of great interest.
These workers have published results showing that natural phospholipids occur mainly
as labile glycophospholipid and proteolipid complexes, These complexes are readily
degraded, by the common extracting agents, to the types of phospholipids usually
studied. Any one of these phospholipids, however, may have been derived from
several different glycophospholipids. The modified extraction methods proposed by
GALANOS AND KarouLas® apparently allow the isolation of the original lipid coni-
plexes and provide a new and puossibly a biochemically more meaningful basis for the
classification of the common phospholipids.

(b) Quantitative TLC

Successful use of TLC for quantitative work depends upon a clear recognition of the
experimental variables involved and the need for their control at all times. In the
present discussion only those aspects of the general technique of TLC are considered
which are intimately related to an effective separation, recovery and subsequent
measurement by GLC, of cither the original lipid classes or their derivatives preparail
by chemical modification of the separated components in the presence of the silica gel.

1. Preparation of plates

In the original combinations of TLC and GLC reported by Gorpist2 and by Bowy ik
et al.?? the thin-layer plates were prepared with silicic acid, which was ground and
slurried with calcium sulphate in the laboratory. Most others have used commercial
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preparations of silica gel containing 5 to 139% calcium sulphate. Both types of ad-
sorbent have yielded satisfactory plates for the separation and recovery of the
common lipid classes. The presence of calcium sulphate in the gel was found?? not to
have any significant effect upon the recovery of the fatty acid methyl esters or the
transmethylation process carried out in the presence of the scrapings. It has been
shown, however, that the amount of the calcium sulphate present has an appreciable
influence upon the rate of migration and the extent of separation of different com-
pounds. Thus the Ry value of methyl oleate was seen to increase linearly when
comparisons were made using plates prepared with o, 10 and 20 % (w/w) calcium
sulphate as binder, Other authors?0 have reported that the Rp values of phosphatidyl
serine om silica grel G (Merck) plates, prepared with caleium sulphate, depend upon the
amount of the phospholipid applicd, and that this load effect can be eliminated by
using “basic” silica gel G plates (silica gol slurried with a 0.01 M Na,CO, in water).
Such plates were also observed to give better resolution of phosphatidyl serine and
phosphatidyl ethanolamine as well as phosphatidyl inositol along with other phospho-
lipids. Excellent separations of all phospholipids including the cephalins have been
obtained by PArRKER aND PrtersoN™ on a specially washed silica gel H (Merck),
which 1s adhesive without gypsum additive. Improved separations of neutral lipid
mixtures have been obtained on silica gel G containing no binder; by developing
the chromatoplate in two steps by two soulvent mixtures of different polarities®. The
substitution of magnesium silicate for calcium sulphate has been shown!® to result in
less tailing and more compact spots for the more acidic substances including free
fatty acids, sulpholipids, and the acidic phospholipids. The magnesium silicate firmly
attaches the adsorbent to the glass plates, shows minimal adsorption effects and does
not interfere with the transesterification of the fatty acid esters when present in the
reaction mixture?, The separated components give compact spots and may be de-
veloped in a second direction (two-dimensional TLC) without significant loss of
material.

The incorporation of silver nitrate into the adsorbent powder has an effect upon
the Ry value opposite to that of calcium sulphate. With increasing concentrdtion of

silver ions, the Rp values decrease®3. Usually silica gel G containing 13 9% calcium

sulphate as binder is used and the silver nitrate is incorporated into the slurry at a
level of 6-25 %", Spraying of preparcd plates with solutions of silver nitrate to produce
even wetting is an unsatisfactory method of obtaining uniform impregnation with
silver nitrate for quantitative work. For the separation of natural lecithins, Arvipsox!s
has successfully employed gypsum-free silica gel H impregnated with silver nitrate
at the 30 9% level. Silica gel G with 13 % gypsum was satisfactory for the fractionation
of the more unsaturated lecithins, but the resolution of monocencs and dienes was
poor. This was apparently due to the presence of the calcium sulphate, since silica gel
H to which a comparable amount of gypsum was added also gave the same results as
silica gel G.

In addition to the concentration of the binder and the additives modifying the
properties of the silica gel, the migration rate and final separation of certain lipid
components is very sensitive to the water content of the adsorbent layer. Thus on
thin layers containing less water there is a greater migration of the more acidic lipids
when comparcd to the thicker layers where there remains relatively more water
following ecual periods of activation. The higher water content apparcntly resultsin a
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somewhat greater binding of the acidic lipid to the stationary phase's, The neutral
lipids on the other hand are little affected by minor variations in the water content of
the plate. This characteristic behaviour of the acidic and non-acidic lipids in response
to differences in the water content can be exploited in the design of solvent systems
to obtain optimunt spacing of lipids for quantitative separation by utilizing adsorbent
layers of different thicknesses. With further increases in the water concentration, the
effect is reversed and all lipids are more readily eluted or displaced. This phenomenon
may be utilized, in avoiding adsorption of the more acidic lipids at the origin by wet-
ting the area of application, and for obtaining improved mixtures of eluting solutions
for the recovery of the lipids from the TLC plates. The spreading of the cardiolipin
spots on silica gel (i plates containing calcium sulphate may be prevented by preparing
the slurry with o0.01 of 0.02 37 sodium chloride instead of water’s, The addition of
0.5 % methanol to the slurry mixture for chromatoplate preparations has been
claimed® to reduce the surface tension and produce a more even spreading of the
silica gel. :

Plates of 20 < 20 cm size and a 250 micron thickness of adsorbent (with or
without binder) have been found most advantageous in the separation of lipids for
subsequent GLC. These are readily prepared with most applicators and provide
sufficient amounts of major and minor components when the material is applied as a
band. For ultramicro analyses, a 20 x 20 cm plate has been used for a preliminary
two-dimensional chromatography as the material present in a single spot was sufficient
for GLC®. Plates thicker than 250 microns increase the developing time and their use
may result in less satisfactory resolution and overlapping of bands due to difficulty
in preparing even layers and equilibrating them. The Desaga (C. Desaga GmbH,
Heidelberg, Germany) type of spreader has heen most often used for the preparation
of both ordinary and silver nitrate impregnated plates. After the plates have dried
for about 1/2 to 1t at room temperature, they are activated immediately before use
by heating in an oven at about 110° for 1 to 2 hours. Those containing the silver
nitrate may be activated similarly but for special purposes longer periods of time
(5-24 h) and higher tempcratures (150-180°) may be necessary?s. The actual time and
temperaturc used in any one laboratory depends on the type and efficiency of the
heating oven.

In order to aveid contamination of the analyzed samples, the adsorbent powder
and all reagents should be frec of impurities soluble in the developing or the trans-
esterifying solvents or extractants that may give rise to false peaks in the GLC. It is
desirable to wash the activated plates prior to use, with chloroform or the solvent
mixture subsequently to be used for the elution of the lipidst. By placing the plate
in a developing tank and allowing the washing solvent to ascend to the top, most of
the soluble material is carried with the solvent front and the adsorbent blanks re-
duced. After removing the plates from the tank, the solvent is allowed to evaporate
at room temperature and the residual moisture is driven off during reactivation inan
oven at 110° after which the plate is rcady for use. A similar washing procedure can be
used for cleaning up silver nitrate plates but the washing solvent should not contain
a high proportion of aqueous phase which would wash out the silver nitrate. Because
of the high photoscnsitivity of the silver salts, the silver nitrate plates should be
prepared and used in the dark. According to ARVIDSON? no jll effects are noted when
partially discolored silver nitrate plates are used for the separation of lecithins,
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2. Application of samples
It has been known {for some time that the application of samples to the chromatoplates
in a narrow band or streak rather than a spot promotes better scparation®, The
application of samples in the form of a band also allows the handling of larger quantities
of material. The most reliable applications of bands for purposes of quantitative
separations are obtained by means of mechanical applicators, The electromechanical
applicator of Desaga (C. Desaga GmbH, Heidelberg, Germany) which allows an auto-
matic sample application to TLC plates is of interest. A motor drive ensures constant
~speed traverse of the sprayer across the plate. Stops are provided to reverse the
direction of travel without lag at the end of cach traverse. The total volume of the
sumple holder is about 4 ml. A source of compressed gas (nitrogen) is required to dis-
charge the sample solution, The rate of feed is controlled by altering the gas pressure.

The Chromatocharger of Camag (Camag, A.G., Muttenz, B.L., Switzerland) is a
hand operated instiument that also allows the delivery of a solvent containing lipid
solute in a controlled manner. Although intended primarily for preparative TI1.C on
thick silica gel plates, both of these instruments are well suited for the application of
samples to essentially analvtical plates in a quantitative manner. Any desired amount
of material may be applied in a solution of appropriate dilution.

For two-dimensional TLC or when only very small amounts of material are
available, the sample is applied as a small spot (up to 1 em in diameter) by means of a
10 1 Hamilton (Hamilton Company, Whittier, Califurnia) syringe.

The amount of the lipid applied to the plate varies with the complexity of the
mixture and the thickness of the adsorbent layer. 1t has been found? that the ap-
plication of 100 to 150 g of totallipid extract permits the detection of all compounds
present in the mixture in quantities of 19 or less (usually as little as 0.3 ug can be
detected). In work with human plasma samples? it has been found convenient to
prepare two 2o % 20 cm plates from the total lipid extract obtained from 1-z ml]
of plasma. The amounts of the individual lipids isolated are sufficient for the de-
termnination of the fatty acid composition of each band as well as for g direct GL.C
of part of each of the original lipid classes There is usually sufficient material for
several injections into the GLC of each ester mixture and the samples may be handled
in commonly available screw cap vials (¢ ml capacity) with conical polyethylene or
Teflon inserts. The application of samples to thin-layer plates under nitrogen prevents
oxidation and decreases the influence of atmospheric humidity on Rp values. A special
box has been described® for this purpose and its use is essential when samples are
banded by hand.

3. Development of plates

‘I'he solvent systems chosen for the development of the chromatoplates vary with the
particular lipid mixture present and the separations required. Generally two solvent
systems are used. One separates the neutral lipids and leaves the phospholipids at the
origin, the other separates the phospholipids and carries the neutral lipids with the
solvent front. Several different solvent systems can be used to obtain this effect. A
popular and quite satisfactory neutral lipid system?® consists of petroleum-diethyl
ether—acetic acid in a ratio of go:10:1 (v/v/v). SKIPSKI ef al.% recommend that for
optimum resolution the neutral plates be developed in two steps by two solvent
mixtures of different polarity. In this stepwise development the solvents are essentially
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a combination of the two systems previously used by KAUFMANN AND Maxkus® and
MANGOLD AND TUNAY, SKIPSKT ¢f al.3 report that in over 100 experiments the ap-
plication of this TLC system to the separation of neutral lipids extracted from human
serum and rat liver proved to be simple, versatile, reproducible and reliable. In the
author’s laboratory several hundred samples of human plasma? and dog lymph®
have been analyzed for neutrallipids by T1.C using the single solvent system heptane-
Jisopropyl ether-aceticacid (60:.40:2, v/v/v). Poth systems have allowed the separation
of total lipid extracts into individual lipid classes in order of increasing polarity.:
hydrocarbons, steryl esters, methyl esters, triglveerides, free fatty acids, cholesterol,
diglycerides, monoglycerides and phospholipids. The partial overlapping of cholesterol
and diglycerides, and of the triglycerides and the methyl esters of fatty acids is not
cerious as the cross-contamination can readily be ascertained by GLC and appropriate
corrections made.

In the original proposal of Bowver ef al.?*® the phospholipids were fractionated
by a mixture of chloroform-methanol -water in a ratio of 80:25:3 (v/v/v). Under these
conditions the neutral lipids migrate just below the solvent front and are followed
by the cephalins (not completely resolved), lecithin, sphingomyelin and lysolecithin
s distinct bands. The solvent system of SKipski ef al.%2, consisting of chloroform-
methanol-acetic acid water (25:15:4:2, v/v/v/v) allows a complete separation of
phosphatidyl serine and phosphatidyl ethanolamine as well as phosphatidyl inositol
from each other and the rest of the phospholipids. The separation can be carried out
on the whole lipid extract with the neutral Jipids migrating to the top. In case of
lipid mixtures containing cardiolipin, it may be necessary to remove first the neutral
lipids either on a suitable column® or on a separate TLC plated, as the fast moving
cardiolipin tends to run into the neutral lipid band. PARKER AND PETERSON'! have
reported that with a multicomponent system such as that described by Skivski ef al.s2,
reproducible separations appear to be dependent upon complete saturation of the
atmosphere in the clu omatographic tank. This condition is conveniently met when a
saturation chamber of small volume is used, ARVIDSON'®, on the other hand, has
claimed thut the best separations of lecithins on silver nitrate impregnated plates are
obtained in non-equilibrated chromatographic tanks. To avoid peroxidation of the
lipid samples during development, the developing solutions should be deoxygenated
and the atinosphere of the developing chamber inert.

4. Detection of lipids
Prior to the recovery of substances from the chromatoplate, the positions of the
separated components must be located. A host of reagents and techniques have been
used® 410 for this purpose and a comprehensive discussion of them is bevond the
scope of this report. There are certain general guides, however, which should be
followed if the recovered substances are to be used for subsequent quantification by
GLC. The technique must be sensitive and universally applicable. Such general
methods of locating organic compounds on inorganic TLC plates as charring with
sulphuric acid must be avoided or a pilot plate be prepared under identical conditions?,
Almost every lipid can be recognized after spraying the plate with an alcoholic
solution of 2,7-dichlorofluorescein®, On examining the plate under U.V. light
(Mineralight, Ultra-Violet Products Inc., San Gabriel, California) the lipids appear
as light green fluorescent spots on a dark background. With this reagent, or its
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dibromo equivalent, it is possible to detect as little as 1-5 pg/cm? of a compound.
Spraying with an alcoholic solution of Rhodamine B also can be used to locate
lipids on TLC plates prior to elution or transmethylation. As little as 1 pg/em? of
lipid has been detected by examining the platc under U.V. light, as the lipids then
appear as dark violet spots or bands on a pink background?®. Rhodamine 6(G can be
uscd in aqueous solution and the plates viewed under U.V. while they are still wet®,
Keeping the plates moist may prevent oxidation but the water has to be removed
before transmethylation can be successfully completed. Bronwothymol blue (0.1 %)
dissolved in 10 %, alcohol in water and made basic with ammonium hydroxide is a
good indicator for the location of phospholipids and related compounds because it is
stable and casy to remove, and is a sensitive indicator on wet plates’s, It is good
practice to use the aqucous dyes for the location of those bands which are to be
extracted for direct GLC examination as it combines instantaneous deactivation of
plates with the location of bands., Usually, however, it is convenient to locate both,
phospholipids and neutral lipids, by spraying with one or the other of the fluorescent
dyes.

The fluorescent indicators are most sensitive when the plates are dry or ncarly
dry and they must be viewed under ultraviolet light which further increases the chan-
ces for changes in light sensitive compounds such as phospholipids. If the phospho-
lipids arc to be removed intact, the chromatoplates should not be allowed to dry
completely at any of the steps of the analytical procedure, and all solutions used in the
course of the revovery of these compounds should be protected from atmospheric
oxygen by an inert atmosphere (nitrogen).

Impurities ir the fluorescein and other dyes should be removed by recrystal-
lization or chromatography as these have been observed after petroleum extraction
as peaks on G1.C. Thus, GLC of the fluorescein sprayed blank areas of adsorbent, of
size comparable (o those of the reference phospholipids have been reported#? to give
a peak with the saume retention time as methyl palmitate, when 12 9 ethylenc glycol
succinate polyester is used as the liquid phase. The extent of interfererlge can be
greatly minimized by using as dilute solutions of the dyes as possible and by spraying
only sufliciently to make the bands clearly visible. Spraying with 0.001-0.002 %
solutions of these dyes in alcohol or water usually allows a reliable location of all
bands and an effoctive GLC following transmethylation without a prior removal of the
fluorescent spray reagents.

Iodine will stain all unsaturated lipids and some nitrogenous saturated lipids
brown on a light yvellow or white background?, It is very scnsitive and will detect as
little as 1 ugfem? of a monounsaturated compound when the plate is exposed to
iodine vapor for a few minutes?, Most saturated lipids, however, become only faintly
colored even when present in high concentrations. BELFRAGE ef al.®® have used iodine
staining to detect the location of phospholipids on TLC plates by lightly spraying
the plate with 1.5% (w/v) iodine in methanol, Others?t have limited the exposure
to iodine vapor to 30 seconds. The brown spots disappear in a few minutes when the
plate is removed from the iodine tank but unfortunately it does not necessarily mean
that all the iodine has been dissociated from the compounds. In view of the possible
iodination of the double bonds® or an irreversible attachment of the iodine to the
nitrogens, it is preferable not to expose the lipids to iodine. A partial loss of the
unsaturated fatty acids on GLC or an incomplete recovery of the phospholipids on
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elution from the TLC plate or rechromatography appear to be the most obvious
consequences from this type of band detection. Staining with iodine, however, may be
adequate for the location of phospholipid bands which are to be used for the
determination of organic phosphorus* or radioactivity*in the presence of the scrapings
from the plate. Iodine is of little use for the visualization of compounds separated
on silver nitrate impregnated plates!®,

Many compounds, including phospholipids and sterols, may be made visible long
enough to be detected by spraying the plate with a neutral solvent and viewing it
with transmitted light?. A technique permiting the determinating of a distribution
pattern of lipids over the entire plate, and which may be very useful for the determina-
tion of minor components as well as components not well separated from each other,
has been described by SNvpEr®. Tt includes an automatic scraper which recovers
zones of adsorbent, of predetermined width, directly into vials for analysis of radio-
active lipids by scintillation counting. It could possibly serve as part of the assembly
line in an automated TLC-GLC analytical system,

5. Recovery of lipids

Intact lipids may be recovered from the TLC plates by seraping off all deposit from
appropriate areas of the chromatoplate info a suitable cluting solution. The adsorbent
. s readily dislodged by a razor blade or a sharp Teflon spatula. The use of miniature
vacuum cleaners® 6 would appear to expose the lipid sample to an unnecessary
acration. Care nust be taken in the choice of solvents and extraction technique to
insure absence of alteration and complete recovery of substances. The phospholipids
are particularly unstable and require rapid processing, According to PRIVETT ef al.4,
naturallecithins cannot be stored for prolonged periods without some alteration even
at low temperatures. The deterioration of these compounds appears to take place
regardless of the degree of unsaturation because even fully saturated lecithins isolated
from natural souices tend to change. Deterioration of the phospholipids usually may
be detected by the formation of products that have different Rp values on TLC than
the parent compounds. A satisfactory method for storing phospholipids for short
periods of tinie is one at low femperature in the presence of air-free solvent, It should
be noted that the fatty acids of the phospholipids may be destroyed to some extent
also during such commonly applied reactions as interesterification or enzymatic
hydrolysis. Privi 1T ef al * have obtained evidence that these compounds are converted
to some extent into hydrocarbons.

Several procedures have been described for the quantitative recovery of intact
phospholipids from TLC platest 15,17, According to PRIVETT ¢f alA the locations of the
compounds are marked with a needle and the silica gel is scraped into beakers con-
taining about 20 ml of chloroform methanol-water (65:40:5, v/v/v). Each arcu from
which the adsorbent is removed is then swabbed with a small piece of cotton saturated
with the extraction solvent to insure complete recovery of the samiple. The cotton,
which is pre-extracted with aqueous as wel] as organic solvents, is washed with a sinall
amount of chloroforin and handled with forceps at all times. The slurry of cach compo-
nent is transferred to a sintered glass funnel and washed with several small portions
of the same mixture of solvents. The filtrates of each slurry are combined and evap-
orated to near dryness. The residues are dissolved in small volumes of chloroform and
any insoluble matter removed by filtration through a small cotton plug inserted in the
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syringe used to make the transfer of the solutions to another flask. This solution is
evaporated to near dryness and diluted to volume for further analysis. PRIVETT ¢f a/ 4
also deseribe in detail a modified procedure which is followed jf it is necessary to
remove te indicator dye prior to analysis, Although filtration is the usual practice in
these isolations, the washing and extraction techniques may be carried out by
centrifugition,

CQuantitative recoveries of polvunsaturated fatty acids or esters and phospholipids
may also be oltained by the same general method from adsorbents impregnated with
silver nitrate, except that a small amount of hydrochloric acid should be added to the
solution to insure complete breaking up of the silver-fat complexes. Simple estors of
fatly acids are recovered by a final extraction into petroleum ether which is washed
to remove the acid and silver salts. The phospholipids are recovered into chloroform
solution after washing with water to remove acid and silver salts, Centrifugation in
micro-~cparatory funnels promotes the separation into phases and reduces losses due
to emulsion formation,

Altematively, descending T1.C may be used in the recovery of phospholipids
to eliminate deterioration, The disad vantage of this method is the relatively long time
required 1o clute all the samples {rom the plate, However, Ly comparison it has been
shown? that the changes in the phospholipids during ascending TILC occur generally
with the handling of the sample after development of the plate. By continuous
application of the solvent to {10 Plate, all of the substances can be eluted without
any evidence of structural change.

When further TLC or GLC subfractionation of the individual lipid classes is not
required, the couditions for the recovery of the lipids from the chromatoplates may be
greatly simplificd. Since for subsequent GLC analysis of the fatty acids, methy!l
esters are required, one is concerned only with a quantitative fecovery of the fatty
acid part of the molecule. The elution solvents can therefore be so chosen as to permit
a complete displacement of the lipids from the adsorbent, and a complete transmethyl-
ation of the esters or o methylation of the free acids, simultaneously. In such a case
the silica gel scrapings are transferred to a suitable container, dried, if necessary,
and .covered witl the transmethylation mixture, usually a solution of sulfuric acid
(10%, w/v) in anhydrous methanol. The containers are closed with a Teflon lined
Serew cap or sealed with flame and heated at 80-110° overnight (8-16 h) to complete
the conversion into the fatty acid methyl esters. Special re-usable vials have been
designed for this purposef’. The methyl esters are extracted into hexane and after
addition of a suituble amount of internal standard are Quantitatively analyzed by
GLC. In the absence of adsorbent the transesterifications may be carried out at 70°9,
Flushing the tubes with nitrogen prior to closing and the addition of a crystal of
hydroquinone?2 or .02 % of a-tocopherol®? minimizes oxidation and does not interfere
with analysis.

The diglyceride phospholipids may be recovered from the TLC plates in the form
of their diglyceride acetates, following acetolysis in the presence of the silica gel13,
The conditions of acetolysis are similar 1o those described by Renkongyl! except
that there is no need for a prior elution of the phospholipids from the adsorbent. This
results in a considerable saving of time and possibly in a higher yield of the lipid. The
diglyceride acetates arc recovered after equilibration of the reaction mixture with
chloroform ‘methanol- water (80:40: 30, v/v/v) and filtration. The acetates may then
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be subjected to chromatography on silica gel impregnated with silver nitrate as
previously described!! and the individual lipid classes recovered in the usual way and
transmethylated, or the transmethylation may be carried out directly in the presence
of both the adsorbent and the silver nitrate.

(¢) Quantitative GLC

The separation and quantitative measurement of fatty acids was one of the first
objectives of gas liquid chromatography®3. The subsequent rapid development of the
technique and its application to other lipids, however, has changed the emphasis
from the aspects of quantification to give priority to qualitative separations and the
assessment of the proportional recovery of the peaks. The measurcment of the absolute
lipid concentration in a given sample thercfore has seldom been made. This apparently
has been due to the lack of accurate and convenient methods for the introduction of
exact amounts of faity materials into the gas chrematograph and lack of confidence
in methods involving the use of the internal standard. Only when gravimetric, colori-
metric and specific analytical methods have been mmpractical have quantitative
analyses of the total lipid samples been made by means of internal standards, Although
the clegance of using some forcign fatty acid methyl ester as an internal standard
in the GLC of fatty acids has been expounded® 66 and sample applications in the study
of the comypiosition of total lipid extractst?s1, triglycerides™ o and phospholipidssi.ee
illustrated, all too frequently the analysts have resorted to some colorimetric technique
(total glycerol ar'total phosphorus) for the estimation of the overall concentration ofa
specific lipid class. Tt appears to have escaped notice that the fatty acid part of these
lipid esters provides the bulk of atoms of the triglvceride and phospholipid molecules
dnd that these carbon rich components can be measured to a much greater degree of
precision and sensitivity than the organic phosphorus or glycerol residues which
account for only a small part of the total molecule. Furthermore, the estimation of the
phospholipid concentration in the TLC fractions on the basis of the fatty acid concen-
tration is not only based on a sound analytical approach but it also offers advantages
experimentally. The combination of the transesterification and the elution steps
allows the use of much stronger elution solvents for the displacement of the less
strongly adsorbed methyl esters, resulting in a more complete recovery of all compo-
nents from the TLC plate. In contrast to this reliable preparation and recovery of the
fatty acid esters, is the troublesome elution of the phospholipids®! and the less than
adequate determination of organic phosphorus in the presence of silicic acid™, Finally,
the use of the fatty acid ester values for the quantification of the original lipid concen-
trations, provides additional information regarding the concentration of each acid
in the particular lipid class, in the same step, resulting in economy of time and fewer
manipulations. Though precedent may dictate that organic phosphorus determinations
be used as the basis for calculation of phospholipids when working with sufficiently
high lipid concentrations, there is no reason wlhy attempts to measure organic phos-
phorus should be made when attempting to determine phospholipids in the nanogram
range. Appropriate TILC of these lipids (two dimensional TLC if necessary) provides
the required degrec of sclectivity and specificity. In view of these considerations
there would appear to be no reason why the GLC analysis of the fatty acid composition
should not be accepted also as an adequate measurement of the concentrations of
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all lipid clusses, when sufficient material is available for conventional total lipid
determinations. The involved calculations based on the use of the internal standard
can be greatly simplified and largely eliminated by the use of computer programs of
general applicability. This system of lipid analysis is widely applicable, simple and
amenable to automation. Properly executed, it allows numerous cross-checks and
back calculations providing complete analytical control and nearly absolute specificity
in the final account.

In many cases the quantifications of the lipid classes separated on TLC plates
can be readlily performed by means of direct GLC. Thus, with the help of an internal
standind it s possible to determine the concentration of the total triglyceride or
steryl ester, as well as to estimate the proportions of these compounds contributed by
specilic molecular weightsS. Following o TLC on silver nitrate impregnated plates,
direct GLC of the resolved components can provide quantitative estimates of the
various esters contiaining none, one, two or more double bonds per molecule. The
values obtained for the esters in the various subclasses derived from TLC and/or G1.C
separation, can readily be related back to the concentrations of the orignal ester
mixtures or to any one of & number of subfractions obtained in the course of the anal-
ytical fractionation. In fact a constant reference to the starting mixtures is absolutely
necessary in order to avoid cumulative losses as explained elsewhere in the text, and
to arrive at correct normalized ester or fatty acid values. The diglyceride acetates
derived from phosphalipids by acetolysis may be subjected to a similar GLC analysis,
as can other properly prepared derivatives of monoglycerides and diglycerides.

1. Selection of GLC systems

Improved methods for quantitative GLC of fatty acids have been discussed by
HORNING ¢f al.%7 who also present analytical data obtained by interlaboratory com-
parisons of standard mixtures of fatty acid methyl esters. The analytical conditions
described, and recommendations made, are satisfactory for the quantification of
common fatty acids, such as those present in the glycerides of animal fats. For
complete analysis of the {atty acids of many natural lipids, isothermal gas chromato-
graphic techniques are inadequate. The short chain acid esters are lost in the solvent
front while the long chain acid esters are recovered incompletely or not at all. In order
to determine quantitatively all the fatty acids, thin films of suitable stationary phases
and temperature programming are essential. Excellent recoveries, and for many
purposes satisfactory resolutions of fatty acid esters, are obtained on §% SE-30
columns. The low bleed rate of adequately conditioned silicone columns permits the
scanning of thc complete range of fatty acid esters from C, to Cy, and higher if
necessary, by tempcrature programming, from ambient to 300° on single column
instruments#. The silicone gum does not separate oleic and linoleic acid and these must
be recorded as a combined percentage. Since a preliminary separation of the natural
lipids within each lipid class, on the basis of unsaturation, by means of silver nitrate
TLC, may have already been made, the oleic and linoleic acid esters are likely to have
already been cffectively segregated and no actual overlap may result. With regard to
measurement there is no problem as it is bascd solely on the amounts of the acids of
different molecular weight or chain lengtli®™."0. The silicone columns also permit a
quantitative estimation of any hydroxy acids™. All the commonly encountered un-
saturated fatty acids of medium and long chain length can be separated in a single run
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under conditions of temperature programming with 1% EGGS-X (Applied Science
Laboratories, Inc., State College, Pennsylvania) as a stationary phase using a 12 ft.
column™. This liquid phase is a copolymer of ethylene glycol, succinic acid and a
dimethyl siloxaue monomer and over the working range shows a low bleed rate,
which can be reduced to mininnum by the use of thin film columns. The methy] esters of
nervonic and lignoceric acids on this column are separated with about the same degree
of resolution as found for C,g and C;4 monoene fatty acid methy! esters™. There is a
slight rise in the base line when the column is programmed from about 120° to 215°,
which can be eliminated by the use of dual colunm systems or suitable electronic base
line drift correctors. The dimethyl acetals and fatty acid methyl esters derived from
human serum cephaling have also been wellresolved by such columns. Comparable
separations of saturated and unsaturated fatty acid esters on temperature program-
ming have been oblained® on thin coatings (3-5%) of another silicone polyester
(ECNSS-5, Applied Science Laboratories, Inc.). Under isothermal conditions, FELD-
MAN AND RoUSER" were able 1o analyze quantitatively nanogram quantities of fatty
acid methyl esters when a coating of 10% ECNSS-S on 100-120 mesh Gas Chrom P
was used. The preparations of the silicone polyester copolymers, however, are variable
and some batches give badly tailing runs with little or no resolution between the
saturated and un~iturated fatty acids of the same chain length.,

With the introduction of the double column systems®7 for the separation of
fatty acid esters, it is now possible to obtain adequate temperature progranumned
runs also with the popular polyester columns, which for such purposes may be
optimally made with a liquid phase concentration of about 6% of the weight of the
support®.#2. The desired separations of the saturated and unsaturated fatly acid
methyl esters are maintained and the runs greatly shortened.

For establishing the amounts of the fatty acid methyl esters, a flame jonization
detector is preferred. Results with an argon jonization detector have been found to be
unsatisfactory, giving low values for the late components™7. In order to obtain
correct jonization responses for both carly and late components in the hydrogen flame
iomization detector during temperature programming, it is necessary to maintain con-
stant flow rates through the detector. Under rigidly controlled conditions, GLC
methods for faity acid analyses give reproducible results with small error even with a
thermal conductivity detector and agree with the stated composition of primary
standards with a relative error of measurement of 1.5 to 39 at a 99 % confidence
level, suggesting a precision approaching that of conventional spectrophotometric
measurements™, Under less than optimurn conditions, relative errors of 59, may be
encountered for most fatty acids?2, Even then, the quantitative data derived from a
combined TLC- GL.C examination of a plasma lipid mixture gave as good results as a
silicic acid column- GLC combination®. Erratic values can usually be avoided if the
fatty acid peaks in the GLC recording are properly attenuated so as to produce
reasonablc deflection (50 % of full scale) and width (proper recorder speed). In double
column systems where a true base line compensation exists also during temperature
programming, the accuracy of the area measurement of sharp peaks may be greatly
improved by using electronic printout integrators (Infotronics Corporation, Houston,
Texas).

Quantitative methods for the GLC analysis of high molecular weight esters of
fatty acids, such as glycerides® and steryl esters?, have thus far found only limited
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application. Short columns (18 in. % 1/8 in. 0.D.) and thin films (1-3%) of liquid
phasc are necessary. Such columns allow complete recoveries of steryl esters, including
cholestery] arachidonate, and triglycerides up to tristearin. Higher molecular weight
esters, up to tricrucin, are incompletely recovered and correction factors must be
used for their quantification®. Of the availuble liquid phases only SE-30 {General
Electric Co.j and JXR {Applied Science laboratories, Inc.) have proved satis-
factory®:® at the high operating temperatures (200-350°). The separations arc based
on the molecular weight of the compounds and there is no significant resolution of the
saturated and unsaturated fatty acid esters of the same chain length. Some fraction-
ation of the positional isomers of mixed long and short chain fatty acid esters of
ghyeerol has been detected, but practical separations have been realized only with the
- and g-monoglyeeride acetates™ and butyrates™,

Although no specific recommendations can be made with regard to the choice of
the gas chiromatographic equipment, some restrictions are clearly necessary if a
reasonable precision (defined as repeating analysis on the same sample in different
laboratories, by different analysts, nsing different equipment) is to be obtained in
comparative studies. The problenr of unsatisfactory precision frequently observed in
interlaboratory comparisons™ cannot be solved by an individual analyst in a specific
laboratory wlie is obtaining satisfactory reproducibility. In the ncan time the most
rigorous specifications of conditions and procedures should be demanded with each
compilation of data collected at the molecular Jevel,

2. Preparation of derivatives

The methyl esters of fatty acids necessary for the GLC may be obtained by trans-
methylation of the lipids or by a methylation of the fatty acids recovered after sapon-
ification. Both techniques have been extensively employed and a variety of reagents
described® #. Special advantages have recently been claimed™, for 5 9% perchloric acid
solutions in methanol as rapid methylating agents for free fatty acids at low tem-
peratures. Because of the small quantities of lipid involved, the preparations of the
methyl esters ave best conducted by means of transmethylation. Saponifications and
extractions of the acids inevitably result in losses due to foaming and the increased
number of transfers. BOWYER ef al.2? found that all lipid fractions could be trans-
methylated, in the presence of silicic acid from the plite, by refluxing with 109
(w/v) sulphuric acid in dry methanol for 1 h at 80°, except for sphingomyelin which
should be refluxed for 16 h. A crystal of hydroquinonc was added as antioxidant.
Comparable recoveries were obtained from samples transmethylated directly and
from samples csterified after recovery from silicic acid columns. FeLbpman anp
Rousex® have made similar observations regarding the effect of the silicic acid ad-
sorbent, but felt that considerbly higher temperatures (110°) should be used for a
complete transmethylation of nanogram quantities of sphingomyelin. They conducted
all their transnicthylations overnight with a similar solution of sulphuric acid in
methanol (2 mi) but used sealed tubes and nitrogen atmosphere to contain the reaction
mixture. On the following day the tubes were cooled, opencd, and 1 ml of water was
added. The esters were then extracted with several 0.5 ml portions of hexane and
analyzed by GLC. The fatty acid mixtures recovered under these conditions, for a
sample of pure cerebroside, compared favorably to those recovered from the same
material without TLC and without silica gel in the transmethylating mixture.
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The use of methanolic sulphuric acid for the procedure is preferred in view of the
report by Jouxston anp Roors™ describing contamination from the use of me-
thanolic hydrochloric acid as a methylating agent in the ultramicro analysis of methyl
esters by GLC. Furthermore, the Special Task Group for Preparation of Methyl Esters
has completed a draft of a Tentative Method for the preparation of methyl esters by
the methanol-sulphuric acid procednre for submission to the Instrumental Techniques
Committee with recommendation for referral to the Uniform Methods Committee for
inclusion as a Tentative Method of the American Oil Chemists’ Society?. Nevertheless,
transmethylations by methanolic hydrochloric acid®.61.80 44 well as by methanol-
BF ;1817 have given highly satisfactory results in a number of laboratories, LINDGREN
et al®' have disrussed sources of contamination other than methylating agents.

The discovery that transmethylations of lipids can be satisfactorily completed
in the presence of silica gel®17.22,92 demonstrates that prior clution of the lipid as
described by other investigators®, 5,7 g an unnecessary and time consuming step.
In addition, dircet interesterification of the adsorbed lipid diminishes the possibility
of alteration (auto-oxidation) as a result of the exira handling involved in an elution
procedure. There ds no possibility of loss of any components during esterification in
therprezcnce of the silica gel, and the resulting fatty acid analysis appears to be a true
reflection of the composition of the total lipid class.

For a further GI.C subfractionation and quantification of individual phospholipid
classes on the basis of molecular weight!?, it is necessary to convert the phospholipids
into their diglyceride acetates. The experimental procedures for this purpose have
been adopted from the original report of BEVAN ¢ al® and from the studics of
RexkoxeN''. It has been found®® that the gencral conditions given by RENKONEN
for the conversion of the phosphatidyl cholines, serines and ethanolamines into their
diglyceride acetates are also satisfactory for the formation of these derivatives in the
presence of the silica gel scrapings from the TLC plate. As explained for the in sifn
transmethylations of the fatty acids, such practice economizes in time and labour
and frequently results in better recoveries of the lipids. In view of the growing popular-
ity of the 11 sify transmethylation, the in siti acetolysis should prove to be an
equally tewarding transformation for the study of the molecular populations of these
important biological compounds. Tt has not vet been ascertained whether or not the
acetolysis can al-o be effectively performed in the presence of silica gel impregnated
with silver nitrate, which is used in the separation of intact lecithins on the basis of
unsaturation. For further GLC examination of the monoglycerides, such as those
recovered from pancreatic lipase digests, the silyl ethers are best suited?. Although
simple diglycerides can be examined as such or following acetylation$, there is reason
to believe that isomerization occurs when an unsubstituted hydroxyl group is present
during chromatography.

The transmethylation svstems based on inorganic acid catalysis are unsuitable
if both the fatty acid and the alcohol parts of the esters are to be quantitatively
recovered!$. Because of isomerization and partial dehydration of the alcohols under the
anhydrous conditions, strong acids and high temperatures are to be avoided. In order
to recover the alcohols also, the transesterifications are conducted in the presence of
sodium methoxide. The fatty acid methyl ester and free cholesterol mixture, for
example, resulting from the transmethylation of cholesteryl esters®® can then be anal-
yzed directly by GLC on SE-30 columns. The fatty acid esters are eluted first and the
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cholesterol last. The run can be conveniently completed in a minimum of time by
means of temperature programming. Where both the acid and the alcohol parts are
soluble in organic solvents, the esters may be saponified in the presence of the silica
gel and the saponification products recovered by extraction. The fatty acids are
methylated by diazomethane and the aleohols chromatographed in the free form or
after acetviation. In the case of glycerides, the sodium methoxide catalyzed inter-
esterilication products are first neutralized, then taken to dryness and the free glycerol
acetvlated in the presence of the fatty acid esters and the inorganic salt. The fatty acid
esters and the triacetin can be recovered subsequently in the usual way by diethyl
cther or petroleum extraction. The fatty acid methyl esters and the triacetin can be
separated quantitatively by GLC on a variety of columns,

A simultaneous nweasurement of the fatty acid and the alcohol parts of the fatty
esters introduces a means of identification in the TL.C measurement. It also allows
comparison of the molar recoveries of the aleohol and the fatty acid and could possibly
reveal the nnsuspected presence of other alcohols in the natural ester mixture.

3. Use of internal standards

In the not too distant past, the use of internal standard was introduced as a means
of last resort, when no specific or gencral analytical method could be applied. The
clegance of the method, however, appears to have escaped general notice. The prin-
ciple of the measurcment is extremely simple and universally applicable®, An ac-
curately measured amount of a standard substance of suilable concentration and
retention time is added to the mixture of the unknown fatty acid methyl esters or
other lipids recovered from the TLC plate and to be examined by GLC. After complete
mixing and further concentration of the solution, if necessary, part of the solution is
injected into the gas chromatograph and the area response recorded. There is no need
to control the amount of the solution actually injected as long as peaks of reliably
measurable size are obtained. For purposes of calculation it is assumed that all the
sample togetlur with the standard has been injected and that the area response
recorded {or the standard represents its weight. The weights of the other peaks can
then be directly calculated from the weight of the standard. The comparative responses
of the standard and the unknown lipid components to be measured should be de-
termined in advance by comparing the areas obtained for weighed amounts of the
internal standard, and pure fatty acid esters of known composition. Comparable
response between the standard and unknown fatty acid esters can be reliably obtained
in most instruments if a foreign fatty acid ester is selected as the internal standard,
rather than a hydrocarbon or an alcohol, the recovery or flame ionization response of
which may difter significantly from that of the lipid esters to be measured. It has been
shown?".86.67 tLat such fatty acid esters as the methyl pentadecanoate or heptadeca-
noate are well suited for this purposc, as their concentrations in common lipid ester
mixtures are very limited. The use of these esters also avoids overlapping the standard,
with any major fatty acid esters, on any given liquid phase as they move to their
appropriate place in the GLC elution pattern. When a potential overlap of the odd
carbon number fatty acid esters in the internal standard is to be avoided, the 2-methyl
derivatives of fatty acid esters may be used as internal standards. These branched-
chain esters emerge just before the corresponding straight chain homologues and give
comparable responses in the flame ionization detector®?, For the analysis of long chain
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triglycerides, a medium chain length triglyceride may be conveniently employed and
vice versaS. It is wise to sclect, however, a triglyceride which does not contain any of
the fatty acids that are present in the glyceride mixture to be analyzed, because then
the glyceride mixture, together with the added internal standard, can be trans-
esterified and the fatty acid proportions determined, giving a further check on the
recovery of the triglycerides and the accuracy of the measurement. Thus for plasma
lipids (steryl esters and triglycerides) tridecanoin has been effective® as little or no
decanoic acid is found in normal plasma.

Since the accuracy of the final estimate depends upon the knowledge of the exact
amount of the addud standard, great care must be exercised in the preparation of the
standard solution and in its addition to the unknown mixture. Usually a relatively
large quantity (100 mg) of the internal standard is weighed out and diluted to 1 1 with
chloroform in a volumetric flask. This solution may be divided up into 9 X 100 ml
volumetric flasks containing 10 mg of standard per flask. For use in GLC, the contents
of cach such flask can be further diluted to 11 and again subdivided among g x 100 ml
volumetric flashs to give chloroform solutions containing 1 mg of standard per flask,
which corresponds to 1o pg standard per milliliter of solution. Depending on the final
volume of the unknown lipid solution and the amount to be injected into the gas
chromatograph, 1 to 5 ml of this standard may have to be added to keep all peaks on
scale and of sufticient deflection. Tor reliable results the peak of the standard should
give approximately 50 95 {ull scale deflection and should constitute at least 1o 24 of the
total area. IFor analyses in less sensitive detectors, yoore concentrated standard
solutions may have to be used.

As the response of the fatty acid esters varies with the chain length of the acids,
1t is necessary to determine the response ratios of the different molecular species of the
lipids, by preparing standard solutions of representative compounds. For this purpose
a standard mixture of methyl esters of the acids to be determined is prepared on an
equal weight basis and chromatographed. The response ratios of the peak arcas of the
standard compounds with respect to the internal stundard are then determined. TFor
the calculations of the ratios, a base line is constructed under each peak in the GLC
record, and the peal arca is expressed in square mm for each peak and recorded. The
peak area of the internal standard is divided by the peak arca of each component.
These numbers are the responses or multiplving factors in terms of the internal
standard and are recorded in a table. In the analysis of the unknown mixture, a
known amount of the internal standard is added to the sample before mjection.
The peak arcas of the sample components are then corrected by the multiplving
factor and divided by the peak area of the standard. This may be expressed in
the form of an equation as follows (modified from WyNNE ef al.®, who used peak

heights):
Peak area of component < Multiplying factor x mg % of internal standard

T T e e e S - ———- = mg", component,
Peak area of internal standard Eu P

If a dilution of the sample has been used a suitable correction factor must be intro-
duced. Various other aspects of analysis by GLC with internal standards have been
discussed in considerable detail and appropriate formulae supplied in a review dealing
with the gas chromatographic quantification of steroids and their derivatives®,
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4. Reconstruction of the quanitlative composition of the original lipid mixture

In the past, the estimations of the total amounts of individual lipid classes have been
made on the basis of most of the components of the molecule except the fatty acids
which make up the bulk of Jipid molecules. This has prevailed because all lipid classes
apparently contain much the same fatty acids and therefore do not provide means
for simultaneous quantification and differentiation of individual ester classes. With the
availability of chromatographic systems for complete separation of all classes of lipids
and exact methods of fitty acdd determination, it has become feasible to obtain
reliable mensurement of lipid classes from the swm of the amounts of the constituent
fatty acids?7.71.96.57 An analysis for the bulk component of a molecule is both theoretic-
atly sound and experimentally feasible. Such an assay is much more sensitive than
other techniques based on the determination of glycerol, organic phosphorus, inositol,
serine, ethanolimine, choline, or cholesterol parts of the molecule! and more specific
than the estimation of total acyl groups™.

The calculation of the total quantity of a given lipid class from its fatty acid
composition consists of obtuaining a quantitative estimate of each of the different fatty
acids present. This data Is derived from the ratios of the areas of the fatty acid peaks
to the area of the internal standard in the gas cliromatogram as just deseribed or in
any other truc or arbitrary units. From the determined amounts of the fatty acids
and the knowledge of thelr molecular weights it is possible to calculate the amount
and the molecular weight of o hypothetical average fatty acid. The latter information
permits the estimation of the molar concentration of this average fatty acid. Assigning
one, two, three or four residues of the fatty acid of the average molecular weight, as
the case may be for agiven lipid class, to the original lipid molecule, the molecular
weight of the total molecule containing the average fatty acid can easily be calculated
and consequently the number of moles of the original lipid class estimated. These
calenlations may be summarized in the fornt of a formula®”. %%, which gives the weights
of the original lipid classes in the units of the internal standard:

W ranMe
N MWy
MW yarte i

Npa

where X is the lipid, the quantity of which is to be determined; Wygame is the total
weight of the fatty acid methyl esters present in the lipid as estimated by means of
the internal standard; and MWpyane is the molecular weight of the average fatty
acid methyl ester as determined from the mole percentages and the molecular weights
of the individual fatty acid methyl esters. M x is the molecular weight of the lipid
molecule containing the average molecular weight fatty acid characteristic of each
sample. Nga is the number of residues of the average fatty acid per total molecule.
The exact molecular weight (MW y) of the lipid molecule containing the fatty acid
of the average molecular weight is calculated by writing down the molecular weight of
the lipid molecule containing the fatty acid of the nearest whole number carbon chain
and adding or subtracting the weight of the outstanding fraction of a CH, unit. The
molecular weight of the average fatty acid and the average original lipid molecule
could also have been calculated from the knowledge of the chain lengths of the fatty
acids aud their weight proportions in the mixture,
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It is seen that the detection and correct identification of the chain length of all
fatty acids is essential for this calculation, but that the number and location of the
double bonds is not so important. The TLC scparations must be complete or alternative
means available for ascertaining the nature and extent of cross-contamination. Since
there is no significant difference in the molecular weight between phosphatidyl serine
and phosphatidyl ethanolamine, an accurate estimate of the combined amount of the
cephalins may be obtained without actually effecting a complete resolution.

The final result of the analysis is as accurate as the fatty acid determinations,
which can be made bighly specific and accurate by GLC methods. The mathematical
manipulations, although simple and individually readily accomplished, add up to the
bulk of the analytical effort and may render multiple analyses impractical. They lend
readily, however, to computer programming which simplifies them to the extent of
transferring the original data froan the print out integrator of the gas chromatograph
to the mput cards of the computer,

5. Correction of cumalative ervor

In a closed system in which measurements are taken and then adjusted to fit the
restrickion A + .Y, ++ ... 4- X, == C where the Xs are the observed values and C is
a constant, the adjusted values and their ervors are interdependent. When normaliza-
tion techniques are u-cd the accuracy and precision of « given observation are likely
to be different from the accuracy and precision obtained when the observations are
made independently. The effect of normalizing a set of analytical determinations in a
mixture of components depends on the amount of each component present, and the
variability of the method of measuring each component. In material balance studies
such as these, the measurement of certain components of the sum may be much more
precise than the nicasurements of other components. Thus the fatly acid data may be
much more precise and reliable than the data on the cholesterol content, or the
estimates of the neutral lipids more precise than those for the phospholipids. Also,
the estimates for phospholipids may be more accurate when made on the fatty acid
methyl esters prepared in the presence of the silica gel rather than following a prior
clution where there miy have been more chance for oxidative losses,

It has been shown®® that the standard method of normalizing (dividing cach
reported percentage by the sum of all reported pereentages) can be misleading. It has
thercfore been recommended that normalizing be done in such a manner that the
amount of change in the percentage of a given component due to normalizing is
proportional to the standard deviation of the measurement. Only where the standard
deviations are proportional to the amount of lipid present will the resuits of such a
normalization be the same as those obtained by merely dividing each determined
proportion by the total. Where the standard deviation is independent of the amount
present, the effect of normalizing will be much greater. However, where one or more
cstimates are considerably more precise than the others, acceptable results may be
obtained by taking this estimate or estimates as absolutely precise. When the ratio of
standard deviations is m the order of 10 to 1, this method gives results practically
indistinguishable from those obtained by normalizing in proportion to the stundard
deviation®. On the basis of previvus knowledge of the reproducibility of the GLE
measurements of various lipid components, it is permissible to take certain results as
absolutely coriect and calculate the other values by difference. Because of the numer-
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pus opportunities for cross-checks, and for repeated corrections of errors, the long
series of measurements necessary for complete analysis of plasma lipids, for example,
are essentially free of cumulative error?’.

Since thé fatty acid determinations are the most accurate means of estimating
the content of the individual lipid classes recovered from the T1.C plates, the emphasis
is placed upon n-ing these values as the true total amounts. The data obtained from
the direct GLC analysis of the steryl esters, triglycerides or the diglyceride acctates
dertved from phns;plwlipids, are used only for the estimation of the proportions of the
individual molecular species within each lipid class. At no stage arc these less precise
values averaged with the more exact fatty acid data in the product normalizations.
The data obtained from the high temperature examination of the high molecular
weight conmponents, in the presence of <uitable internal standards, in GLC, arc used,
however, for cross-checking the subtotals and eventually the grand total. When the
agreement is good, all the estimates are apparently correetly made and the recoveries
appear nearly complete. 1f the agreement is poor, the fatty acid data is rechecked and
taken as absolutely correct. Due to the presence of the internal standard and because
of repeated detesmination of correction factors, there is usually no need to place more
emphasis on one type of data than on the other. Methods are available for independent
determination of the recovery of most components and any error observed can be
imnediztely corrected, yielding final values of essentially equal accuracy and precision.

4. APPLICATIONS TO NATURAL LIPID MIXTURES

Although only a limited number of applications of the combined system have been
made to the complete analysis of natural lipid mixtures, the technique would appear
to be universally applicable. Because of familiarity with the operation of adsorption
columns and relative resistance towards the innovations introduced by TLC, many
projects have heen assigned to separations by silicic acid columns, when in fact they
could have been completed much faster and at a lower cost if done by TLC. With the
recognition of the possible detriment al effects of silicic acid column chromatography
upon thestability of cardiolipin®, phosphatidyl cthanolamine® and the plasmalogens?,
more laboratorits are expected to rely on TLC for the separation of the lipid classes
and will need to consider the systems and applications reviewed here, The applications
of combined T1.C-GLC methods to the analysis of steroids® and to the study of
triglyceride structure!? have been reviewed elsewhere.

(a) Tissue lipids

DoBrasova® was one of the first to report on the combined use of TLC and GLC for
rapid separation and determination of minute amounts of tissue lipids in a large
number of samples. Lipids were extracted from various tissues of rats by ethanol-
diethyl ether (3: 1) and following TLC separation onsilica gel G, the various components
were tecovered by chloroform-methanol {(2:1) elution. It was estimated that at least
85 % of the lipids were recovered from the 0.5 mm thick plates. The fatty acid methy!
esters were prepared in sealed ampoules by heating with methanolic hydrochloric acid.
Total phospholipids, free fatty acids, triglycerides and cholesteryl esters were de-
termined by this procedure. The advantages of this combination for the study of tissue
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lipids were also recognized by MANGOLD AND K aMMERECK® who showed that satis-
factory results can be obtained by GLC analysis of the methyl esters prepared by
transesterification of lipid fractions that had previously been isolated from thin-layer
plates. Characteristic fatty acid patterns werc observed®® by this means for each lipid
class in many tissues of healthy adult individuals and differcnces were revealed on
comparison with corresponding tissues from healthy infants. FELDMAN AND ROUSER?®
and ROUSER el al.?% isolated lecithin and sphingomyelin from normal and pathological
human brains, by DEAX cellulose columuns, as a single fraction and used TLC and
GLC for subsequent resolution of the two phospholipid classes and a quantitative
determination of the fatty acids. The great sensitivity of the GLC determinations made
possible the analvsis of a few micrograms of a lipid class obtained from a single spot
on a two-dimensional chromatoplate. These workers proved that the transesterifica-
tions could be safely carried out in the presence of the silica gel from the plate and that
there was no need for a prior elution of the separated components. The method was
claimed to be of wide applicability.

ROSENBERG AND STERN® isolated brain sphingomyelin, cerebrosides and ganglio-
sides by TLC and subjected the recovered fatty acids to GLC. The fatty acids were
released from the phospholipids by methanolysis with BT ,-methanol's. The presence
of silica gel during the transmethylation caunsed no measurable change in the sub-
sequent GLC patterns of the fatty acid esters. The compounds were located on the TLC
plates by brief exposure to iodine. The cerebrosides were resolved on the TLC plates
according to their content of hydroxy fatty acids. For the measurement of the
ganglioside fatty acid esters by GLC, methyl linoleate was used as internal standard.
No destruction of this unsaturated ester was observed under the working conditions
when the methanolysis was done under nitrogen and there was no evaporation of
reagent duc 1o leakage of the screw cap vials used in the reaction. The values obtained
with standards were within z 2 of the known compositions.

A combination of TLC and GIL.C techniques incorporating the in sifu trans-
methylation was used by PriorescHI® # for the determination of the individual
phospholipids of rat hearts, from normal animals and from animals with experimental-
ly induced cardiopathies. The preliminary separations of neutral and phospholipids
originally performed on silicic acid columns were subsequently found to be more
efficiently done by TLC3. It was observed that the onset of the cardiac necroses was
preceded by changes in the concentrations of lecithin and cardiolipin as well as by
distortions in the fatty acid compositions of these phospholipid classes.

A rapid micromethod for the analysis of tissue phospholipids and their component
fatty acids by means of a combined TLC-GLC analysis has also been described by
PARKER AND PETERSONY, who studied the lipids extracted from 30 g of liver pooled
from two adult rats. Complete resolution of all phospholipid classes was obtainued by
means of a saturation chamber in combination with the solvent systems of SKIPsKI
ef al.5 and a specially washed silica gel H. Although the recovery of the fatty acids
of the phospholipids on GL.C was not preciselv determined, identical amounts of
phospholipid standards methanolized directly and after TLC gave essentially identical
GLC peak areas. GLC of the fluorescein sprayed blank areas of adsorbent, of size
comparable to those of the reference phospholipids, revealed a minute peak with the
same retention time as methyl palmitate.

After examining a variety of saturated and unsaturated lecithins by combination
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acids and the isopropylidene glyceryl ethers by GLC. Rapid acetonation of the glyceryl
ethers was obtained at room temperature by adding a drop of perchloric acid to the
acetone solution of the ether. The reaction was terminated after 30 minutes by the
addition of water. Both the methyl esters and the isopropylidene glvceryl ethers were
hydrogenated prior to GLC. This procedure, aside from providing a check on the chain
lengths of the unsaturated derivatives, was particularly valuable for detecting branch-
ed chain compounds that overlapped unsaturated straight chain derivatives.

The combined TI.C-GLC systems have proven equally well suited for the examina-
tion of plant lipids. Nicors® used preparative TLC to obtain individual classes of the
polar lipids of Chlorella. GLC was used for the determination of the fatty acid compo-
sition of the menogalactosyl-, digalactosyl- and sulphoguinosyl-diglycerides and the
phosphatidyl choline, ethanolamine and inositol as well as cardiolipin and total
neutral lipids. Prior to TLC, solutions of Chlorella lipids in chloroform were applied
to DEAE-cellulose for a partial fractionation with chloroform-methanol mixtures of
increasing polarity. HAVERKATE AND VAN DEENEN® used TLC on silver nitrate plates
for the subfractionation of phosphatidyl glveerol from spinach leaves and estimated the
fatty acid composition of the two subfractions obtained, by GLC. The total concen-
tration of cach subfraction was obtained from analyses of lipid phosphorus.

(b) Lipids of blood, lvinph and milk

As early as 1962, GORDIS*? used thin-layer chromatography for the isolation of the
triglyceride fraction of plasma fat particles and determined the f atty acid composition
of this lipid class following transmethylation in the presence of the silica gel. The
methyl esters were obtained by refluxing the scrapings from the appropriate arcas
of the T1.C plate with dry hydrochloric acid-methanol for 2 h at 120°. The advantages
of combining TL.C and GI.C for the determination of the fatty acid composition of
serum lipids were demonstrated by Bowyer ef al.22 who analyzed the sera of three
pigs. In a comparison between TLC and column chromatographic methods, good
agrecrnent was obtained for the values of the fattv acid composition of cholesterol
esters, triglycerides and free fatty acids. With phospholipids, agreement for values of
lecithin and lysolecithin was moderately good but with sphingomyelin agreement was
poor. The chief error was in the gas chromatographic method which gave a consistent
error of 5% for any fatty acid. On the basis of the work of Frrnpyay axn Rouser? it
would appear that part of the difficulty with the sphingomyclin determination may
have been due to insufficiently high reaction temperatures for transmethylation in the
presence of the silica gel. Using methy] heptadecanoate as an internal standard wnd
the techniques of TLC described by BowyERr ef al.22 and SKIFSKT of al.52, Kvkss of al V7
determined the distribution of the lipid classes and the composition of the fatty acids
in the plasma of 100 university students in the fasting state. The estimates for the
total lipids and the individual neutral and phospholipid classes derived by this mcans
were somewhat lower than the average values reported by others and occupicid the
lower end of the normal range®. The estimated proportions of the individual lipid
classes, however, agreed with those determined by other methods?. The great
variations observed in the plasma lipid composition of different subjects were sur-
prising and pointed to the dangers of deriving normal ranges from a limited number of
observations on a few subjects, The combined TLC-GLC system has since been
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of TLC and GLC, Z&E & al.#" concluded that the smallest amount of liver lecithin that
could be reliably measured by this integrated system was about 0.3 micromoles or
200 micrograms of this highly unsaturated lecithin, This limit is considerably below
the 5000 microgram level suggested by BowyEk ef al.22 but does not quite reach the
nanogram amounts of phospholipids examined by FELDMAN AND ROUSER?. ZEE ef al¥,
however, relied upon elution of the original lipid, saponification and diazomethylation
for their fatty acid methylation, and probably incurred losses during the extra manip-
ulations, ILDMAN AND RovUser transmethylated their esters directly in the presence
of the gel.

Hotsan axb HorsTETTERY used preparative TLC in combination with GLC to
determine the fatty acid composition of various lipid classes from whole bovine and
porcine reproductive tissues. The separated zones were scraped from the plates and
transmethylated with methanolic hydrochloric acid. The unsaturated fatty acids were
identified by comparison with the GLC behaviour of a large number of standards of
known structure®. The relative proportions of the individual lipid classes were esti~
mated by quantitative gravimetric TLC. No attempt, however, was made to separate
the individual phospholipid classes,

Combined TLC- GLC analysis has been used by RENKONEN!T to study the compo-
sition of mixed natural lecithins, The diglyceride acetates obtained from eggs, oX
brain, and human serum by acetolysis were subjected to preparative TLC on silver
nitrate impregnated plates and the recovered subfractions were analyzed by GLC for
their fatty acid cosnposition. When the collected data were combined with the results
of specific enzymic hydrolyses of the acids occupying the alpha and beta positions of
the molecules, a more complete description of the natural lecithin families was
possible. The acetolysis was also satisfactorily completed with selected samples of
phosphatidyl serine, ethanolamine and inesitol as well as cardiolipin, the diglyceride
acetates of euch of which could be subsequently subjected to the combined TLC-GLC
examination. This method has sinee been extended to the determination of the
molccular weight distribution of these phospholipids and their monoene, diene, triene
and saturate subgroups by GLC®, The combined TLC-GLC system has also been
applicd! to the examination of the acetolysed sphingomyelins, resulting in partial
resolution of the different sphingusine bases and their fatty acid esters.

The method developed by BLaNK ef @l for the determination of the lecithin
structurce als uses combined TLC-GLC analysis, but the lecithins are fractionated
as the mercuric acetate adducts. The concentrations of the individual subgroups of
lecithing were estimated by GLC of the fatty acids in the presence of an internal
standard. Preparative TLC using silver nitrate impregnated plates was profitably
combined with GLC by Arvinson1s for the dircct analysis of the lecithins from egg
yolk and the livers of various species of animals. Each lecithin gave only one spot on
rechromatography. The most satisfactory results were reported to be obtained in
unequilibrated chromatographic tanks using chloroform- methanol-water (65:25:4,
v/v/v) as the developing solvent. The obtained data were in close agreement with the
assumption that the majority of the lecithin molecules contain one unsaturated and
one saturated fatty acid per molecule. The separations did not permit any con-
clusions concerning the position of the unsaturated fatty acid on the glycerol molecule,

MALINS ¢ al.% used TLC to isolate the triglycerides and diacyl glyceryl ethers of
the flesh and Jiver of the dog fish (Squalus acanthias) for the determination of the fatty
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extended to the determination of plasma lipid patterns in other subjects following the
consumption of controtled experimental dicts and has allowed the demonstration of
characteristic changesto®.

An integrated system using chiromatography on silica gel impregnated glass
paper, an intornal ctandard and GLC has been duscribed by BowEks ef al.% for the
determination of the total triglyceride and the triglyeeride fatty acids in serum.
Calculations of the concentration in serum of each of the individual TG fatty acids is
bascd on the internal standard, heptadecanoate. The concentration of total serum
TG was obtained by summation from values of the individually determined fatty
acids. The values obtained by this system for total TG compared favorably with
vidues obtained by application of the hydroxamate colorimetric method in combina-
tion with silicic acid column chromatography.

Pooled phospholipids from hunan plasma chylomicrons have been fractionated
by TLC by Woon et al.2% who used GLC only for the determination of the fatty acid
proportions. The concentrations of the individaal lipid classes were obtained by
determination of organic phosphorus. Combined TLC and GLC analyses have been
extensively applicd by HUuaNG axD KUKs1s® to the determination of the lipid com-
position of the chylomicron membranes, fat cores and lymph sera of dogs following
corn oil and butterfat feeding. The total amounts and the composition of the individual
neutral lipid and phospholipid classes were estimated by means of fatty acid analyses
using methyl heptadecanoate as an internal standard. The individual lipid classes
were recovered from the TLC plates as the methyl esters after transesterification with
methanolic sulphuric ackl in the presence of the silica gel. The membranes and the
triglyceride cores of the chylomicrons were separately isoluted by centrifugation and
theit Jipid compositions compared to those of the lymph sera. An identical system of
analysis was used!? for the determination of the lipid classes present in the milk fat
globule membrane, the fat core and the milk sera of summer and winter milks.

Preparative TLC was used by MORRISON ef al.t” for the separation of mg amounts
of the phospholipids derived {from glycolipids of milk for analysis of the fatty acid,
distribution among the various lipid classes. The combined TLC-GLC system was
also used for the examination of the phospholipase A hydrolysis products of the diacyl-
phospholipid= Comparisons with the results obtained for phosphatidyl choline from
other bovine tissues and from egg lecithin, showed that fatty acids were located
much: less specifically in milk phospholipids than in the phosphatidyl choline from
other sources.

(¢) Other lipids

MANGOLD' has presented an extensive survey of the applications of TLC to the anal-
ysis of fats, oils, waxes and their hydrolysis products from ruicroorganisms, plants and
laboratory animals and has indicated the cases where the recovered products were
reanalyzed by GLC. Most of these TLC- GLC combinations, however, have been of a
qualitative nature.

The fatty acid composition of the steryl esters, triglycerides and phospholipids
of brown and ycllow fat of male albino rats was determined by CHALVARDJIAN!® by
means of combined TLC-GLC analyses. The separated lipids were made visible by
exposing the TLC plates to iodine vapor for 30 sec. The zones were scraped off with a
brush into tubes fitted with condensers and the contents refluxed with methanol-
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possible to work with single cells, it would appear to be necessary to first per-
forn an extensive tissue, cellular and subcellular fractionation resulting in the isola-
tion of the lipoprotein complexes associated with subcellular organelles of uniform
composition.

There would then be a further need to effect a separation of the lipoproteins
before the lipid composition could be effectively analyzed. Since the lipoprotein
pattern and the lipid composition of a cell may change during maturation or aging, it
may be informative to segregate cell populations according to their age. Although no
attempts have been made to apply such a scheme to any lipid investigations reported
to date, the necd for the isolation and analysis of the individual lipoproteins of sub-
cellulur organclles has been recognized, and preliminary observations reported®.
There would appear to be no basis for the suggestion that complete separations of
tissue lipids by chromatographic procedures must be considered dubious®, provided
the fate of the original or native lipid complexes has been closely controlled through-
out the process of isolation and preliminary separation. The final lipid fractions ful-
filling the homogencity requirements of chromatography can then be related back to
the orignal structures whatever their stability under a given set of experimental
conditions.

6. CONCLUSIONS

This review has demonstrated the merits of the combined use of TLC and GLC
techniques for rapid and essentially complete lipid analyses, and has surveyed the
pertinent applications. It is obvious that not all parts of the integrated system have
been adequately tested with all kinds of lipids and that there is a danger of uncritical
application of the method in unsuitable circumstances. There remains scope for further
improvement in the methods of separation and recovery of many components and the
investigator must be constantly on guard for artifacts introduced by new batches of
separating media and other changes in working conditions. He should not allow
himsclf to be carried away by the apparent theoretical soundness of the gencral
approach.

1t should be emphasized that such detailed analyses, no matter how accurate,
are unlikely to have much biological or even chemical significance unless the source
of the lipids is specifically defined. Confusion and wasted effort is liable to result from
work with whole tissues, impure subcellular particles and mixed lipoprotein or glyco-
lipid complexes. It is likely that for an effective determination of the lipid composition
of individual lipoproteins or membranous structures, new or improved methods of cell
and lipoprotein fractionation will be required before the acquisition and accumulation
of the great detail of data afforded by the integrated systems can be fully justified.
For many purposes, it may be expedient to ignore most of the potentially available
information and to concentrate on one or a few of the components present. Should,
however, a complete spectrum of the lipid composition be required, the integrated
TLC-GLC system in combination with computer programmed data processing could
readily provide it.
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benzene -sulphuric acid (43:5:2, v/v/v) for 2 h at 80° to 9o°® under nitrogen. The
reaction mixture was extracted with petroleum and the petroleum extracts were
treated with diazomethane to ensure complete methylation,

A111% used combinations of thin-layer and gas chromatography with internal
standards to separate and measure the fecal phospholipids of man on different dietary
regimens. Lecithin, phosphatidy] ethanolamine and phosphatidyl inositol together
with an unknown phosphorus containing lipid were recognized. For purpose of cal-
culation the unknown phospholipid was assigned the structure of cardiolipin. Large
differences were noted in the fatty acid compositions of the individual phospholipids
both between subjects on the same diet and between samples from the same subject
on different dicts. In another study?® combined TLC-GLC analyses were used to
appraice the effrct of plant sterols on the exerction of different neutral lipid classes
and tolal phospholipids by other subjects on controlled experimental diets.

Combined TLC-GLC methods have been used to locate the position of eicosa-
tricnoic!® and docosatrienoic!® acids in rat phospholipids. The products of enzymic
hydrolysis of individual phospholipid classes were scparated on TLC plates and the
spots of fatty acids and lysophospholipids were treated directly with methanol-
hydrochloric acid to obtain the fatty acid methyl esters for GLC.

5. SIGNIFICANCE OF DETAILED LIPID ANALYSES

Much of the recent interest in lipids has been due to the great emphasis placed upon
the role of fats in the origin and possible prevention of arteriosclerosis and rclated
lipid discases as well as to the general availability of superior analytical methods such
as gas and adsorption chromatography. Although the enthusiastic search for cures has
led to some non-critical use of the incompletely tested methods, a great deal of the
adventurism has paid off in new concepts and better understanding of the role of lipid
in biological systems. With the more detailed data provided by the advanced in-
strumentation has come the recognition, that analyses of total lipid mixtures as
isolated fromn crade organ extracts are meaningless in terms of biological structure
and function, and that even the methods of preparation of lipid extracts require
revision®. Lipids, other than those in adipose tissuc, occur primarily as components of
biological membrancs and lipoproteins. Membranes are found at the cell surface
(plasma membrane) and in subcellular particles while the serum lipoproteins participa-
te in lipid tran=port. It is thus essential that individual cellular units be studied in
order to detine the variations (if any) in lipid composition of different membranes and
lipoproteins and relate their lipid composition to membrane and lipoprotein structure
and function® . The possibility that all major enzymatic systems may exist iu wivo
as membrane bound complexes!? suggests a structural and possibly a functional role
for lipid in their activity. The unique ahility of lipids to assume well defined and
highly specific orientation in aqueous solutions suggests i fundamental role for lipids
in the assembly of large molecules during biosynthesis® 111 and cellular and tissue
organization and differentiation!'?,

The complexity of individual organs and the possible heterogeneity of the lipids
of the various regions of a given organ as well as of the component cells and their
subcellular fractions, requires extensive preliminary fractionation of the material
before a meaningful analysis of the component lipids can be attempted. Since it is not
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Degumming Vegetable 0ils
Lecithin Production

Summary

The separation of some of the nonglyceric components from the vegetable
oils can be considered as an intermediate step in the extraction and refining
of oil.

Most of these substances can be precipitated and separated by reagents
such as alkalis, acids or water. In general water is used when lecithin is
produced after the separation. The commercial lecithin is a complex mixture
of different phosphatides. .

Some of these phosphatides are studied from a chemical point of view, the
influence of their presence in the oils and the determination of their con-

tents is considered. A review of different degumming systems and details for

the preparation of lecithin are presented.

Degumming of Oils
The crude oils, obtained by the process of pressing and extraction with a

solvent of seeds and oil producing fruits, are constituted, in a first approxi-
mation, by glycerides (esters of glycerine with fatty acids) and substances that
are not glyceric, named generically '"nonglyceric components'.

These components are of a very varied nature and their presence in the
natural oils, is in general, very small. They are in general undesirable though
there are some that do not show any prejudicial effect and some others whose
presence is beneficial.

The refining of the oil consists of a succession of operations that purify
it making it suitable for the intended purposes; this process eliminates most
of the nonglyceric components,

These substances could be classified in two big groups: the first one would
include those whose presence affects the physical yield of the refining and which
can or cannot be eliminated before the refining. In the second group we would
include those components for which the elimination can only be achieved, at least

with significant results, through partial or total refining of the oil,
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Most of the components of the first group coagulate and can be separated
by hydration giving as a result a gum—iike residue (this originates the
name given to the process). This is a previous phase and is independent from
the refining process.

The "gums" are constituted by phosphatides, slimy substances not identified,
leftovers of organic substances and various components, and of neutral oils,

fatty acids and water as a result of the separation process used.

The Phosphatides Group

Work done on fatty substances containing phosphorous in its molecules started
with materials isolated from encephalic matters a long time ago (135). A lot
of work has been done, especially in the biochemical field, since these compounds
seemed to be located in the most vital parts of the live organisms such as the
brain, red corpuscles of the blood, liver, etc. There are many articles and
monographs on the subject (12), (13), (14), (@16), 8y, (19), (22), (29),
(30), (37, (73), (113), (140).

The study of the composition and structure of these phosphatides is a
very difficult task since there is a great variety of them, The difficulty
is further increased due to the similarity in their physical properties.
Many methods of separation have been tried, some based on the precipitation of
these substances with a series of solvents, others adding salts to reduce the
solubility (106), (129) or by means of extraction in a counter current or
chromatography (126).

We would use the classification given to identify the phosphatides by
Hilditch (5). The following groups are distinguished:

I. Compounds that only contain carbon, hydrogen and oxygen:

a) Esters of higher fatty acids with glycerine (triglycerides).

b) Esters of 2 higher fatty acids with alcohols other than glycerine
(higher aliphatic alcohols, sterols and others).

II. Compounds that contain other elements (phosphorous and nitrogen) besides

carbon, hydrogen and oxygen.

a) Compounds that contain glycerophosphoric acid linked to a nitrogenated
base and/or a carbohydrate (phospholipids)

b) Compounds derived from the (sphingosine) (sphingolipids)
Derivatives of the phosphoric acid (sphingomyelins) without content of
phosphorous (cerebrosides)
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While the (sphingomyelins) and the (cerebrosides) are of animal origin and
do not appear in plants (2) the phospholipids appear in all of then,

Hildich (5) defines the phosphatides as compounds derived from the o-
glycerophosphoric acid in which the remaining hydroxy group of the glycerine
are combined with higher fatty acids (as in the glycerides) while the phos-
phoryl group esterifies with:

a) A nitrogenated base that can be choline (phosphatidyl choline,
lecithin), ethanol amine (phosphadidyl ethanol amine) or serine
(phosphadidyl serine).

b) The cyclic hexose inositol (phosphoinositides). It can also happen
that the remaining phosphoryl group of the phosphoroinositides (de-
rived from the inositol diphosphate) combines with ethanolamine or
serine,

The development of the complex molecule of a phospholipid could be simpli-

fied as follows:

Starting with glycerine, by introducing the phosphoric acid radical we get

the glycerophosphoric acid:

LCHyOH ‘ CH,OH
/Cﬂﬂ

CHOH CHO —P&0

1 _JOH | NoH
C142()-—F33iC) CHoOH

OH

a-glycerophosphoric B-glycerophosphoric
acid acid

If the hydroxy groups are substituted by the radicals of the higher fatty
acids, which we would represent by the general formula R~COOH we get the phos-
phatidic acid:

CH,OOCR! CH,OOCR!
OH
CHOOCR™" CHO —P£ O
~
_OH OH
H,0 — P& O H,OOCR!!
OH

4cido a-fosfatfdico 4&cido g-fosfatf
dico
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The phosphatidic acids appear naturally in the form of calcium or mag-

nesium salts though they are not very abundant (3.

Lecithins and Phosphatidyl Choline

When the base which esterifies the phosphoryl group is choline (HOCH2
CH2 N(OHS) 3OH) we obtained the phosphatidyl cholines, that according to the

position of the phosphoric radical originate the a and B forms.

T
oo C — OOCR!
H{ - C — OOCR!"
| 0
. s
H o~ C —0 — P<OCHZCH2—N—(_CH3)3
| OH
H OH
a ~lecitina
a -1osfatidilcolina
|
bl -~ C — OOCR!
H C O P/OCH C
L - - ~ L 2 ,"{Z—N—(CH3)3
Ot |
Fl - C — OOCR™" OH
H

f-lecitina
£ ~fosfatidilcolina

Both formulas correspond to the "hydrated form” which contains at the
same time an acid group (the remnant of the phosphoric radical) and a basic
group (the quaternary ammonium of choline) (3) though many times they are re-

presented in 'the dipolar ionic form" (99), (102):

Crl OOCR!

CiOOCRY (-

Chi o] P{g (+) _CH

- l{ ——— e = 3
™SO - CHyCHaNZCH3

\CH3
I urna ibnica dipolar
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1f we observe the molecular distribution of the a-hydrated form, we see
that the central carbon is asymmetric (that is, it has its four valences
saturated by four different radicals) and this gives place to optical activity.
However Dessiuelle (3) points out that it is difficult to measure the rotatory
power of these substances since other substances of a very asymmetric nature
cling very strongly to the phosphatides during their purification (70), (122),
and at the same time the temperature and the solvent used in the purification
of the phosphatides modify the rotatory power producing in some cases a partial
racemization,

On the other hand the presence, in the same molecule, of two acid groups
and a basic one so well defined, seems somehow unstable and one could imagine

the formation of an internal salt with the elimination of a water molecule:

T
H -- C — COCR!
H -- C — OOCR!

H— C ":/Oc c 4'{4( )
—_— — O - F-OCHCHH(CH3)3
y Toa T
a—endolecnina(QS)

Nevertheless, it should be noted that according to the percentages of
dimyristo-, dipalmitito- and pure diestearophosphatidyl cholines; these seem
to correspond to the hydrated form rather than the internal salt or the dipolar
ionic form (71).

According to the nature of the different radicals R in the previous for-
mulas, we have a family of compounds. If the radicals R correspond to the
palmitic or oleic acid (R' and R") the compound could be denominated palmito-
oleo phosphatidyl choline or if it was the palmitic acid only (R' = R") it

would be dipalmito-phosphatidylcholine.

(Cephalins)

- From the group of phosphatides separated from the oil by precipitation with

acetone, one fraction (the lecithins) is relatively soluble in ethanol, while
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the other is very slightly soluble or almost insoluble. This precipitate is
constituted by the so-called "cephalins'" that is a mixture, generally quite
complex, of different phosphatides.

In the beginning it was assumed that this group was formed by the phos-
phatides resulting from the esterification of the phosphoric radical of the
phosphatidic acid with ethanolamine (HOCH2 CH2 NHZ)’ that is why sometimes

“"ecephaline" is used to designate the phosphatidyl ethanolamine:

H
H — C — OOCR!

H — C — OOCRM

O

H— C — O - B2 OCHyCHyNH,
| =
H

a~phosphatidyl ethanolamine

However, Folch and Schneider show that 40 to 70% of the nitrogen in the
cephalines corresponds to a hydroxy amino acid (84), (85), that was the L(+)
-gserine of formula HOCH2 CH(NHZ) COOH; this acid combines with the hydroxy

group of the phosphoric radical forming an ether of the phosphatidic acid.

H-— C — OOCR!

|
H— C — OOCR!"

P ,
H—C—O- P—%CHZCH(NHZ)COOH
NoH

H

o~phosphatidylserine

It seems that the phosphatidylethanolamine is a decomposition product of

the phosphatidylserine, by decarboxylation (140).



The phosphatidyl choline and the phosphatidylethanolamine contain acid and
basic groups that would probably compensate. In the phosphatidyl serine, the
acid group predominates and the chemical reactions are those of an acid,

and we find them in natural products associated with potassium and sodium ions
(3).

Phosphoinositides

We have a third group in the mixture known as cephalins. The first ones
to detgct the presence of inositolmonophosphoric acid in the cephalin of the
soy were Klenk and Sakai (103) and later, by fractioning of this group, Folch
and Woolley (86), (87), (89%9), (138) found the phosphoinositides in the least

soluble fractiocn.

Woolley isolated (139) a compound which he named LIPOSITOL.

HOH
ROl HOR!
GOH\_"_/HOPO(OH) o
HO G: Unibn de D-galactosa

H — C — OOH
H-"C—-—COO—CHZ—CHz—NHZ

HO
- Monofosfonositoide (lipositol)

The complete hydrolisis of this compound liberates a mole of the following
compounds: mesoinositol, galactose, phosphoric acid, ethanolamine and tartaric

acid, with two molecules of fatty acids (3).
The diphosphoinositide was isolated at a later date by Folch (88):

~

HQPO(OH) 2
RYOH( YHOR!
GOHl /HOPO(OH)2

H

H -~ (ll — COOH

H—--C-—COO—CHZ—CH-COOH

FKL NH,

Difosfoinositoide (10)
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Difosfoinositoide (3)

The structure of these compounds is not known completely but it has been
possible to verify that they appear in significant proportions in the phosphatides
both of animal and vegetal origin (97), 123), (124), the percentage being 40%
in the phosphatides coming from the soybean (127),

(sphingomyelins) and (cerebrosides)

In the phosphophingosides (10) known also as the sphingomyelins (11) the
glycerine is replaced by the sphingosine 013 H17 CH = CH CH (OH) CH (OH) CH2

NH2 which saturates one of the OH groups with phosphoric acid, which at the same

time esterifies with choline,

C 1 3H{7CH=CH-CH-CH-CHy-NH-COR

—

OH O
O = P-O-CH,CHop-
OH
OH

sphingomyelins (10)

The sphingomyelins are until now of animal origin only (12). 1In the case of
the galactosphingosides; phosphorus does not appear and they are derived from
the sphingosine one of whose hydroxy groups is esterified with D-galactose,
while the amine group esterifies with the fatty acids, such as in the sphingo-
myelins,

That is the way it happens in the cerebrosides:

C13H17CH = CH—CP-C?—CHZ—NH-CO—R
OH OG

cerebroside.
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Contents of Phosphatides in the 0il Producing Materials

For a long time it was believed (17) that the phosphatides of animal origin

were different from those of vegetable origin. Levene and his collaborators
were the first ones to isolate pure lecithin from soy (105), (109) working
with the phosphatides of this seed (106), (107), (108).

The amount of phosphatides present in the different seeds is in general
low (it seldom goes above 0.5%) and its percentage varies greatly, not only
with the kind of seed but also with the extraction methods used, that is why
we find in the literature very different percentages for the same seed.

As indicated by Stanley (10), the proportion of phosphatides in the seeds
varies in direct relationship to the content of proteins instead of that of
the oil, soy being a typical example (high in proteins, high in phosphatides)
and copra (high content in oil, low content in phosphatides.

Phosphatide content of some oils according to Kaufmann (45).

0il % Phosphatides
Cotton 0,7 - 0,9
Rice 0,5

Oats 1

Peanut 0,3 - 0,4
Barley 3,4 - 4,2
Rye 1,3 - 4

Rape (colza) 0,1

Linseed 0,3

Corn 1- 2
Millet 0,2

Sesane 0,1

Soy 1,1 - 3,2
Wheat 0,08 - 2,0

Lishkevich (111), (112), found that cotton was the seed containing the high-
est percentage of phosphatides, superior even to soy though the characteristics

of the phosphatides for both seeds are very similar (54). The ones from cotton

are more stable probably due to the lower jodine index since according to

Fo
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Thurman (65), (66), the iodine index in commercial phosphatides of cotton is
60 to 70, while in soy,it reaches 90.

Cephalins are the principal constituents in the phosphatides of rape (colza),
peanut (with 64.3%) of cephalins and 35.7% of lecithins) and sunflower (56),
(with 61.5% of cephalins and 38.5% of lecithins). On the other hand, the sesame
0il (56), has the highest percentage of lecithins of all the oils coming from
seeds (52.2% of lecithins and 40.6% of cephalins, in the case of linseed is

36.27.

Degumming Process

From what we have discussed before we could define degumming as a series of
operations prior to refining (or following extraction and obtaining of oil) and
in which the gums or phosphatides separate before and independently of the form
of elimination of the fatty acids, regardless of whether the gums are going to
be used or not in the preparation of the commercial lecithin.

Consequently, the process basically consists in causing separation of the
gums inside the oil mass, by the action of agents such as water, vapor, acids,
etc., agglutinating those precipitates and separating them based on differences
in specific gravity.

The product obtained consists of a series of phosphatides, some of them in
very small proportions, and other substances of a complex and little-known
nature, and of some solid residues from the extracted seeds according to the
process employed.

Due to the gum-looking aspect of these masses the generic name of gum is
given without going any deeper into the elucidation of their composition.

According to the quality of the gums obtained and the process used in their
separation it is possible to prepare, starting from them, by purification or
dehydration, a commercial product called lecithin that is a mixture of phos-
phatides (lecithins, cephalins, phosphatides of inositol), oil and fatty acids.

The degumming is not always performed as a separate process oOr independent
of the refining. In general the volume of the gums present in the oil and the
possible utilization or commercialization of the product obtained is observed.
1f the percentage of these materials in the oils is not significantly notice-

able, they are directly subject to refining and in some cases even if the
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percentage is relatively high they are refined without previous degumming as
in the case of the alkaline refining.

In general, in oils with a high gum content, degumming is done since it
facilitates the refining process and in the opinion of some investigators and
technical people, it reduces losses in the refining by direct use of caustic
soda, due to the emulsifying action of the phosphatides in alkaline solution
which increases the percentage of o0il occluded in the paste,

Also degumming is sometimes enough for some technical oils as in the case
of linseed for varnishes (1).

Fash (83) studied the effect of the phosphatides of "various oils on the
necessary conditions for the alkaline refining of crude oil.

In spite of the multiple applications of commercial lecithin since its
discovery as a sub-product in the oil extraction, it continues to be a nui-
sance in the extractors, since only 10 to 30% of the total lecithin obtained
goes out on the market.

Nevertheless the market may require, as it is in most cases, that oils such
as soy, cotton and linseed be degummed to a maximum content value in phospha-
tides according to the types of commercialization,

The gums separated from the oils (by hydration in most cases), when they are
not used for preparation of commercial lecithin, are often added while wet to
tﬁe extracted flour (in general, mixing it with the flour in the second or
third flocor of the solvent extractor - toaster, according to designs, or even
better in the toaster, if this is an independent apparatus).

This represents an increase in fat content of the flour which improves the
food value, and at the same time it helps to reduce the dust eliminated in the
handling of the flour.

When the lecithin is not going to be processed after obtaining it, it is
convenient to have the degumming centrifuge and the pump as close as possible
to the place where they are going to be used to avoid the problems due to long
distance traveled by the pipes (or tubes) which causes the lecithin to dry out
or solidify, plugging the system. In any case, it is convenient to run vapor in
the rubber tubes, and to clean the tubes with hot water when the system has been

idle for long periods of time.
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The degumming stage, independent of the refining process, can take place in
the oil extraction plants and as it was mentioned before, the separation of the
phosphatides is done by hydration or precipitation although the elimination is
not complete (or total). For some physical reason it has not been possible to
eliminate more than 907 of the phosphatides (52) due to the fact that the addi-

tion of water to these compounds is not complete.

Degumming by Hydration

This is the most commonly used procedure to separate the gums from the oils.
The phosphatides, proteins and other impurities of colloidal nature are soluble
in the dired crude oils, as real solutions or in a colloidal state, but when
water is added to these oils, these materials hydrate and their weight increases,
separating from the oil mass as coagulates easily agglomerated and separable by
decantation or centrifugation.

Where the gums agglomerate, they engulf a percentage of oil that varies
according to the conditions under which the coagulation and separation took
place. It seems that the percentage of water used, and the temperature and
efficiency of the centrifugation are the factors directly related to the oil
retention.

The molecule of a phosphatide presents two very differentiated zones:
one occupied by the fat chains (from the fatty acids), of non-polar character,
and the other formed by the phosphoric radical and the nitrogenated bases
that is of a polar type. These two different tendencies within the molecule
confer to the phosphatides a very peculiar physical-chemical behavior which is
more accentuated when the distance between these two groups is larger.

The polar groups are oriented towards the water while the hydrocarbon chains
run away from it, creating a parallel molecular orientation. The non-polar re-
gion attracts the hydrocarbon chains, apparently due to Van der Waals forces (3)
and a second chain of phosphatide molecules is formed; they have the same
tendency towards the water, identical layers are formed (77) as a function of
the number of water molecules.

When the phosphatides are in the presence of glycerides (78), it is differ-
ent since now the groups are not only constituted by water and phosphatides but
also by the glycerides. The energy of interaction varies according to the pro-

portion of phosphatides and glycerides.
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Desnuelle (3), distinguishes two maximums: the first clearly differentiated
(at approximately 70% of phosphatides and 30% of glycerides) and the second,
less precisely at 30% of phosphatides and 70% of glycerides.

The formation of the more stable mixed layer corresponds, as should be
expected, to the maximum energy of interaction. So Desnuelle concludes that
"any mixed layer formed spontaneously on the surface of the water must contain
approximately 70% of phosphatides and 30% of glycerides. When a diluted
solution of phosphatides in glycerides is treated with a small amount of water
and then dried,it contains the previous proportions.

The mass of phospholipids precipitated with water is formed, according to
Jakubowski (41), by a double monolayer of water molecules surrounded by a mono-
layer of lipids constituted by phospholipids and a 2.3% of glycerides when oil
of fresh soy is hydrated,or 20-30% of glycerides when the oil of hydrated soy
was partially hydrated.

In its basic form,the stages of hydration, centrifugation and drying are
the ones followed in the manufacturing of commercial lecithin from the crude
oils. Consequently the appearance of glycerides in the unfinished lecithin does
not indicate, a priori, a deficiency in the process or a loss by emulsification,
but that a great number of glycerides had taken an active part in the formation
of the so-called "swollen figures'". Because of this it is not possible to
avoid their presence though its percentage is more or less variable according

to the conditions during the first two stages (hydration and centrifugation).

Efficiency of Degumming by Hydration

Not all the gums present in crude oil are precipitated by water though their
percentage is very small. We can consider two groups called ‘hydrophilic
groups; to this belong the gums that can be hydrated or precipitated by

water ,and another group, the non-hydrophilics,to which the rest of the gums

belong.
Mattikow (48) calls the first ones ("lipoids A") and the second ("lipoids

B"), estimating that in the case of the crude oil from soy the percentage of
lipoids B is of the order of 5 to 10%, being necessary for its separation,

strong caustic solutjons on the order of 20° Be,

Usually the amount of water needed in the hydration varies from 0.5 to 3%,

this percentage being determined by previous tests in the laboratory.
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The amount of oil retained by the gums, independently of the more or less
fixed percentage due to the formation of the "swollen figures", seems to be
in direct relation to the amount of water used, the arrangement of the phos-
phatide-water-glyceride layer being also influenced by it.

Beyond certain limits, and for the same type of phosphatides, a higher
percentage of water used corresponds to a higher volume of gums separated, but
the losses of oil due to retention are also higher. Smith (59) considers that
a treatment with 1% of water, or less, would produce gums which would not dis-
solve, more than 15 to 20% of the oil. On the other hand, Maetikow (48) esti~-
mates the oil occluded in the gums is approximately of the order of 30 to 35%
if the percentage of added water is 1.5 to 3%, and the separation has been
done by centrifugation.

In precipitation of phosphatides, lecithin contains 5 molecules of water
for eachphosphorous atom while cephalins use 40; in general the phosphatides
of soy, precipitate with 7 to 9 water molecules per atom of phosphorus (41).

The temperature also plays an important role in the separation probably
more directly related to the centrifugation in itself (effect over the differ-
ence in specific weights between the hydrated gums and the oils, in the same
manner over the viscosity) than with the hydration or coagulation.

As a general range, the temperature of separation is between 55°C and
82?C. In the case of the soy oil, it seems that the optimal temperature of cen-
trifugation is 750C, being possible to observe in the yield a possible redissol-
ution of the precipitated gums above this temperature and a diminution in the
yield of the separation at lower temperatures.

Burnasheva and Sterlin (28) observed that heating at 60°C of solutions of
phosphatides in 0il, diminished the hydrophilic and this diminution was more
accentuated, the higher the temperature. At the same time, the elimination of
phosphatides by hydration would diminish in the case of solutions of oil that
had been treated, since the phosphatides yield is lower, the longer the heating.

Another factor that plays a role in the hield of separated phosphatides is
the reaction time or agitation during the hydration. According to Wittcoff,

this time of agitation can vary from 15 minutes to an hour (12), generally being

30 minutes. (42)
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Preparation of the Commercial Lecithin

The crude oil from soy is almost exclusively the source of precipitated
gums for the preparation of the commercial lecithin, generally called ''soy
lecithin'.

The gums obtained from cotton oil due to their resinous character and
dark appearance do not have at present a commercial use, being added to the
extracted flour when they are separated from the crude oil.

Neither are the gums from the linseed oil useful although degumming is
frequently done especially for the preparation of technical oils. With the
purpose of obtaining a good yield in the degumming, it is advisable to adjust
as closely as possible the percentage of hydration water. Kantor (44) estimates
that the specific weight of the linseed 0il is a function of its content in
gums, so that knowing the first, it is possible to adjust the percentage of
water in the treatment. This percentage can vary from 0.2 to 2% for specific
weights of 0.9315 to 0.9340, respectively.

A typical soy oil, according to Bayley (11) would yield approximately 3.5%
of gum-like material consisting of 25% water and a 75% products soluble in oil
of which approximately 1/3 is oil and the rest insoluble in acetone (basically
phosphatides). As it has been said before, most of the commercial lecithin
comes from the soy 0il and specifically that extracted by solvents, since the
high temperatures used in the hydraulic pressure or expulsion methods tend to
decompose the phosphatides (12).

Myers (53) has a system of degumming and preparation of lecithin. These
processes can be considered to correspond to the diagram in Figure 1.

With the purpose of obtaining as clear a lecithin as possible, the crude
oil from the extraction of the storage tanks is subjected to a filtration
before hydration using around 0.06% of substances to help in the filtration,
these being mixed in the feeding tank of the filter that is in general of the
horizontal type and vertical plaques with a metallic mesh.

Normally, only one filter of a capacity calculated to handle more than the
daily production of oil is used and, the volume of the deposit of collected
0il filtered at the came time as the one of the mixture of o0il and the one
uséd in helping the filtration, are calculated in order to contain more than

the oil in transit that is handled during the cleaning of the filter which is
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done every 24 hours, making the process continuous. The oil temperature and
the amount of water is adjusted, and once the oil is added and the mixture
homogenized, it is subjected to a retention time, with light agitation, for
the purpose of facilitating the separation of the gums in the oil. This time
of retention is estimated as 20 to 30 minutes for the soy oil, calculating the
volume of the hydration tank in relation to the capacity of the installation.

The exit from the hydration tank is usually done with tubes in the shape
of a lyre or an inverted U in which the upper level corresponds to the maximum
time of retention (or volume inside the tank) that has been calculated as pre-
viousiy mentioned. Some communication valves between the two branches of the
tubes allow variation of the time of contact as a function of tﬁe level main-
tained in the hydration tank.

The mixture of gums and oils is sent to the centrifuge, where the separation
of the gums and oil takes place; from there the oil is sent to the vacuum dryer
to eliminate the water, and finally to the storage tanks.

On the other hand, the gums, after being homogenized, are sent to the
lecithin vacuum dryer that, in general, is of the type having a fine film that
is laminated by the action of two coaxial cone trunks, with an adjustable layer
width and with heating by a steam jacket.

Jakubowski (98) gives a description of a pilot plant for degumming and
Langhurst and Stanley (6) describe the process of preparation of commercial
lecithin which starts in the dehydration tank in which the gums are heated and
agitated at 65-71°C under 70 cw of vacuum until the humidity contents is reduced
below 0.5%.

The dry lecithin, at 110-115% approximately, comes out of the dryer as a
fluid allowing its pumping to the receiving depots that afe generally provided
with electric beat or steam jackets, and they have an agitator that allows the
homogenization of the lecithin in case substances are added to modify its
physical or chemical properties.

One of the factors that in principle conditions the quality of the lecithin
obtained is its content of substances insoluble in benzene (Bl); this fraction
is basically constituted by the fine parts of the flour that passed through the

filter in the stage of previous clarification.
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The maximum amount of Bl allowed in commercial lecithin is 0.3%; neverthe-
less, if the percentage is significantly over 0.1%, the lecithin would appear
cloudy and below that limit, it would appear clear and shiny. On the other
hand, it seems that if the oil subjected to hydration is fresh and has not
been stored for a long time, the quality of the lecithin improves significantly.
(11).

The dry lecithin obtained by the method previously described is known as
commercial lecithin or crude lecithin and according to Sullivan (62) using air-
tight centrifuges at 3-4 K/cmz, it is possible to obtain values as high as 80%
insoluble in acetone (AI).

The abundance in phosphatides would depend principally on the method fol-
lowed for the precipitation and separation of the gums and the percentage of
water used as indicated before. Values of 667 of AI as indicated by Bailey
(11) or 65% according to data given by Stopper (61) are quite frequent.

The commercial lecithins are not constituted exclusively, not even princi-
pally by this type of phosphatides but, are a mixture of lecithins, cephalins,
phosphatides of inositol, etc., and fatty acids and oil which are believed
to exercise a stabilizing action in these products sensitive to humidity and
oxygen (12).

The series of compounds that, in greater or lesser amounts form part of
this mixture could be more extensive if it was not that the extraction of the
phosphatides together with the oil, in the continuous processes by solvents is
quite incomplete. This deficiency can be attributed to two factors: the type
of solvent used (it always acts in a selective way), and the humidity of the
seed subjected to extraction - the humidity is kept as close as possible to
11%, and this also exercises a selective action in the extraction.

According to Beckel and collaborators (25), the solvent used in the ex-

traction does not only affect the acidity but also the contents in gums in

the oil obtained.
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Effect of the solvent of extraction on the acidity values and "breakage" of the

soy oil (25).

Solvent Acidity Index "Breakage"
Dichloroethylene 0,52 -
Trichloroethylene 1,04 1,00
Carbon tetrachloride 0,44 0,06
Isopropanol 0,95 0,86
Ethanol 0,6 0,00
Ethanol (residue) 0,24 ' 0,02
Hexane 0,50 0,50

The soy oil contained in the gums separated by precipitation of this oil,
could or could not be replaced by a more stable oil such as peanut oil,
coconut, hydrogenated oils or cocoa butter (12). The process followed in
these cases consists in dissolving the oil in acetone, separating the solution
formed and adding the new oil. Tt is also possible not to add any oil and
leave the phosphatides in a state more or less free after more than one wash
with acetone, but the product is very unstable and must be stored very carefully
and be used very soon.

A more economical technique than the use of acetone for the purification
and concentration of the phosphatides produced by the degumming of the oils, has
been proposed by Garmash (38) and consists of dissolving the "lecithin" in
hydrogenated fat at 95—1000C, centrifugating to eliminate the insoluble sub-
stances at 80/850C, followed by precipitation by cooling at 40/45°¢.

The physical and chemical properties of the natural lecithin can be modi-~
fied by manipulations performed during the separation process or after it as

we will see in the following section.

Bleaching of the Lecithin

Even under excellent conditions, the natural lecithin appears grayish, more
or less dark, the color depending in principle on the variety of the seeds in

the process and the quality of the oil obtained.
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With the purpose of diminishing this dark color of the commercial natural
lecithin and to make all the types uniform, independently of the source of
origin of the oils, many bleaching agents have been proposed, among which
hydrogen peroxide stands out. Hydrogen peroxide is added to the phosphatides
emul sion before drying, according to Bollman's patent (75).

Normally, hydrogen peroxide can be added to the tank for homogenization of
the gums, immediately before drying using a solution 30-35% in variable
proportions that can reach 2% in relation to the phosphatides. The use of this
bleaching agent is also described in patents given to bollman and Bollman-
Schwieger (74, 76), citing that hydrogen peroxide increased the capacity of the
phosphatides for emulsification.

According to Thurman (67), when hydrogen peroxide is used as a bleaching
agent, the phosphatides obtained have a light color, the bleaching having
taken place in the hydration stage.

The use of this bleaching agent leads to the type of lecithin called
"single bleached" and in some instances its action is reinforced by the use
of a second agent, generally benzoyl peroxide which originates a second type
of lecithin called "double bleached",

The use of benzoyl peroxide as a bleaching agent appears in the literature
(94, 126), which indicates that its use leads to a finished product of a
sméother consistency.

When a double bleaching of the lecithin is performed, approximately 0.1%
of commercial hydrogen peroxide (p.e. 1.123) and 0.008% of dry benzoyl peroxide
are added to the natural product in relation to the oil in the degumming process.

Other agents have been proposed such as the sodium chlorite, as indicated
by Greenfield (92), or fatty peroxides proposed by Epstein (88).

Among the physical means of bleaching that have been proposed are clays
and absorbent earths by Markman and Vuishneprolskaya (115), and the activated
soil by Marmon and Moyer (116), recommending bleaching in the intermediate
phase, in the process of extraction by solvent. Julian and Iveson (100)
patented a process in which the mixture of the soy oil is treated with a clay
of acid type and then another is added of an alkaline type, although the phos-—

phatides are precipitated before the addition of the second.
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Other Modifications of the ‘Natural Lecithin

Besides the color, another physical characteristic that is modified or
can be modified is the consistency. This can be of plastic nature, the form
in which the natural lecithin is mormally obtained, or fluid. Both types are
differentiated by their content in fatty acids and the conversion of the first
into the second is done by adding 2 to 5% of a mixture of fatty acids in its
plastic form (11).

According to the composition of the lecithin obtained by degumming of the
processed oil, the fluid grade is prepared in the same storage tanks, by addi-
tion and mixture of the convenient proportions of soy 0il or fatty acids (in
general also of soy).

In regard to the chemically modified lecithins, the type of lecithin that
can be dispersed in water (called "water dispersible") results from the addition
and mixture of 8 to 10%Z of an emulsifying agent and 4 to 5% of hexylene glycol
to the doubly bleached fluid lecithin.

The emulsifying properties of the lecithin whose o0il content is increased
to 30-40% by addition of soy oil, can be increased by the addition of aromatic

alcohols: propyl gallate and stearate of polyoxyethylene (51).

Types of Lecithin
Six types of commercial lecithin can be distinguished according to whether

they are natural, bleached in each of their two versions, are plastic or fluid.

Types of Soy Lecithins

‘Characteristics Plastic ‘Fluid
Moisture Content 17 max 17 max
Insoluble in benzene 0,37% max 0,3% max
Insoluble in acetone 65% min 62% min
Acidity Index 30 max 32 max
Viscosity, poises at 25°¢C (b) - 150 max
Penetration (c) 22 mm max -

The Cardner color (in a solution of 5% mineral oil), is respectively 10,

7, and 4 in maximum values for the three types: natural, single and double

bleached.




a)
b)

c)
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By distillation intoluene during two hours or less (AOCS, Ja 2-56)

By means of a conventional viscometer or by the bubble system and
AOCS time method Ka 6-59 assuming density equal to one.

Using the Precision cone 13J25, and the penetometer 3510; with the
sample kept at 250C for 24 hours.
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Desgomado de aceites vegetales

Fabricacion de lecitina y

Resumen

L.a separacibn de algunos componentes
ru glicéridos de los aceites
vegetales sc puede considerar como
un proceso intermedio entre la
extracesibn del aceite y su refinacibn,
La mayor parte de estas

substancias se pueden precipitar y
sepnarar mediante ei concurso de
reactivos tales como &lcalis, bcidos o
agua, empleéndose generalmente

este Czltlmo cuando a la separacibn
sigue la preparacibn de lecitina
comercial, que es una mezcla
compleja de diversos fosfétidos,

Se estudian algunos de estos
fosfatidos desde ¢l punto de vista
qufmico y sc¢ considera la

influencia derivacda de su presencia
en los aceites, asl como la
determinacibn de su contenido en los
mismos, con una revisibn de
diversos sistemas de desgomado y
detalles de la preparacibn de lecitina
en sus diferentes tipos,

Desgomado de aceltes

l.os aceites crudos, tal como se
obtienen por los procesos de
prensado o extraccibn por disolvente
a partir de las semillas y frutos
oleaginosos, estén formados, en una
primera aproximacibn, por
glicéridos (ésteres de la glicerina
con Acidos grasos) y substancias que
no lo son, que reciben la
denominacibn genérica de
lcomponentes no glicéridos!,

Estos componentes son de naturaleza
muy diversa y su presencia

en los aceites naturales es,
normalmente, muy r‘educ:da, Por lo
general no son deseables, aunque
hay algunos en los que no se

aprecia accibn perjudicial alguna e
~incluso en otros su presencia es
beneficiosa,

"J. Lajara

Mediante la refinacibn, se sucede una
serie de operaciones,tendientes a
purificar el aceite hasta hacerlo apto
para los fines a que se destina,

y que lleva aparejada la

de la mayor de estos
componentes no glicéridos,

Estas substancias se podrfan
clasificar en dos grandes grupos: el
primero comprenderfa aquellas
cuya presencia afecta al
rendimiento ffsico de la refinacibny
que pueden o no eliminarse
previamente a la misma, En el
segundo grupo clasificarfamos a
aquellos componentes cuya

“eliminacién, al menos con resultados

notables, sblo puede efectuarse
mediante la refinacibn, parcial o
total, del aceite,

El primer grupo es en su mayor
parte, coagulable y separable por
hidratacibén, liberando una masa de
aspecto gomoso, que da

nombre a este proceso de tratamiento
del aceite, como fase previa

e independiente de la refinacibn,

Estas "gomas't estin constituldas por
fosf&tidos, substancias
mucilaginosas no identificadas,
restos de materia orgénicay
compuestos diversos, asf como aceite
neutro, &cidos grasos y agua,

como resultado del proceso de
separacibn empleado,

El grupo de los fosfétidos

Los trabajos con materias grasas que
contienen fésforo en sus moléculas,
comenzaron con materiales aislados
de masas encefélicas, hace ya

mucho tiempo (135), Se ha trabajado
mucho, especialmente en el campo
biogqufmico, dado que estos
compuestos parecen radicar en las
partes més vitales de los

organismos vivos, tales como el
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‘cef'eb'r‘o, corplisculos rojos de la
sangre, hfgado, etc,, por

lo que existe una buena serie de
trabajos y monograffas sobre el tema,
(12), (13), (14), (16), (18), (19), (22),
(29), (30), (37), (73), (113), (140),

El estudio de la composicibn y
estructura de los fosfdtidos es una
tarea ardua dada la gran variedad de
los mismos, aumentada la dificultad
por el hecho de que, las

més de las veces, las propiedades
ffsicas de los disfintos compuestos
son muy parecidas, Se han

ensayado diversos métodos de
separacibén, basados unas veces en la
precipitacidn de estas

substancias a partir de una serie de
disolventes, mediante adicién

de sales para rebajar |la solubilidad
(106), (129) o mediante extraccibn
en contracorrientc y cromatograffa
(125),

Para la situacibn e identificacién de
los fosfatidos dentro del gran

grupo de substancias en cuya
composicibn entran los 4cidos ygrasos
superiores, tomaremos la
clasificacibdbn dada por Hilditch (5),
que distingue los siguientes grupos:

I Compuestos que contienen
solamente carbono, hidrbgeno y
oxlgeno:

a) Estcres de &cidos grasos
superiores con glicerina
(triglicéridos)

b) Esteres de &cidos grasos
superiores con alcohol distintos
de la glicerina (alcoholes alifaticos
superiores,; esteroles y otros),

Il Compuestos que contienen otros
elementos (fésforo y nitrbgeno)
ademds de carbono, hidrégenoy
oxfgeno:

a) Compuestos que contienen &cido
glicerofosférico unido a una base
nitrogenada y/o un carbohidrato
(fosfolfpidos), '

b) Compuestos derivados de la
esfingosina (esfingolfpidos):

Derivados del 4cido fosfbrido
‘-sfingomielinas)

Y contenido de fbsforo
werebrbsidos),

Mientras las esfingomielinas y los
cerebrésidos son de origzn
animal y no aparecen en las plantas
(2) los fosfolfpidos aparccen en
casi todas,

Hilditch (5) define los fosfatidos como
compuestos derivados del

&cido g-glicerofosfébrico en el que los
dos grupos oxhidrilo restantes

"~ de la glicerina est&n combinados con

&cidos grasos superiores (como en
los glicéridos) mientras que el grupo
fosforilo se esterifica con:

a) Una base nitrogenada que puede ser
la colina (fosfalidilcolina, lecitina),
etanolamina (fosfatidiletanoiamina)
o serina (fosfatidilserina),

b) La hexosa clclica inositol
(fosfoinosftidos), También puede
ocurrir que el grupo fosforilo
restante de los fosfoinosfltidos
(derivados del difosfato de inositol)
se combine con etanol-amina o
serina,

El desar‘opllo de la compleja molécula
de un fosfollfpido podrfamos
simplificarlo como sigue:

Partiendo de la glicerina, por
introduccibén del radical del &4cido
fosférico, llegamos al &cido
glicerofosférico:

CH0H CH,OH
/OH
CHOH CHO —P%=0
_/OH | NoH
CH0 — P£0 CHOH
. \OH
4cido q-glicero-~ fcido p-glicero
fosfbrico fosfbrico

Si los grupos oxhidrilo se substituyen
por radicales de &cidos grasos
superiores, que representaremos por
la férmula general R~-COOH,

llegamos al &cido fosfatldico:

CH400CR! CH,OO0CR!
| OH
CHOOCR!! CHO —P< O
OH “NoH
/
H0 - P £ O H,O0CR!!
OH

4cido a-fosfatfdico 4cido g-fosfatf

dico

L.os &cidos fosfatfdicos se encuentran

10 - Inf, s, Grasas y Aceites (Enero-Marzo 1970)
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en la naturaleza en forma de sales de
calcio y magnesio, aunque
no aparecen en forma extendida (3),

Lecitinas o Fosfatidilcolinas

Cuando la base que esterifica el
grupo fosforilo es la colina

(HOCH ‘CHZN(CH3)3OH) se obtienen
las fostatidilcolinas, que segln -«
la posicibn del radical fosférico
originarén las formas g o B .

H

H— C — OOCR!

H — C — OOCRM!

_O
H —- C — O — PZOCH;CH,-N-(CH3)3
OH
H OH

a -lecitina
a -fosfatidilcolina

T‘
H — C — OOQCR!
| e
=
Hw— C —0-P OCHZCHZ—N—(CH3)3
| ~OH
H~— C — OOCR™" OH
H
-lecitina

g ~fosfatidilcolina

Ambas férmulas corresponden a la
llamada "forma hidratada, .que
contienc al mismo tiempo un

grupo 4cido (el remanente del radical
fosfbrico) y un grupo bésico

(el amonio cuaternario de la colina)
(3), aunque muchas veces se
represente en la "forma ibnica
dipolarn (99), (102):

CH, OOCR!
CHOOCR! (~)
_o
CH, — 0 — P50 (+) CH3
~ CHoCHaNZ-CH3
NCH;3

Forma ibnica dipolar

Observando la distribucibn molecular
de la forma hidratada a, vemos

que el carbono central es asimétrico
(esto es, tiene saturadas sus

1549

valencias por cuatro radicales
distintos) lo que I6gicamente habré de
dar lugar a una actividad bptica,

Sin embargo Desnuelle (3) opina que
es diffcil medir el poder

rotativo de estas substancias debidoa
que otras de tipo muy asimétrico

se aferran tenazmente a los fosfatidos
durante su purificacién (70),

(122), a la vez que la temperatura y
el disolvente empleado en la
purificacibn de los fosf&tidos influyen,
de forma variable, sobre el poder
rotatorio, llegando incluso a

veces, el mismo proceso, a ocasionar
una parcial recemizacibn,

Por otro lado la existencia, en la
misma molécula, de dos grupos &cidos
y b&sico tan definidos,

parece un tanto inestable, y cabe
pensar que se originard una sal
interna o endosal, con pérdida de una
molécula de agua:

H

- '

H--C — COCR!

H -~ C — OOCRM
7o
H — C — O - FZ0CHCH H(CH3)3

i Toel
a-endolecitina {93)

No obstante hay que hacer notar que,
de acuerdo con los porcentajes

de composicibn de dimiristo -,
dipalmito - y
diestearofosfatidilcolinas puras,
éstos parecen estar mis de acuerdo
con la forma hidratada que con la sal
interna o la forma ibnica dipolar (71).

Dados los diterentes radicales R que
pueden entrar en las anteriores
fé6rmulas, tenemos una

familia de compuestos, de forma que,
por ejemplo, en el supuesto de

que los radicales R correspondieran
a los &cidos palrafiico y oléico

(R'y R'"), el compuesto se podrfa
denominar palmitotoelo-
fosfatidilcolina o, si sblo se tratara
del 4cido palmftico (R! = R!")

serfa dipalmito-fosfatidilcolina,

Cefalinas

Del conjunto de fosfltidos que se
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.separan del aceite por precipitacibn
con' acetona, una fraccibn

(las lecitinas), es relativamente
soluble en etanol, mientras que la
otra fraccibn es muy poco

soluble o casi insoluble, Este
precipitado comprende las llamadas
licefalinas!t que son una mezcla,
generalmente bastante compleja, de
diferentes fosfatidos.

En principio se pensb que este grupo
estaba formado por los

fosfétidos resultantes de la
esterificacién del radical fosférico
del &cido fosfatfdico con la :
etanclamina (HOCH2CHyNH»), de ahf
que a veces todavla se utilice
ticefalinal! para designar la
fosfatidiletanolamina:

H
H— C — OOCR!

H— C — OOCR™
_O
H—C— O~ P/OCH2C:H2NH2
| NoH
: H
a-fosfatidiletanolamina

Sin embargo Folch y Schneider
mostraron que del 40 al 70 % del
nitrégeno de las cefalinas
correspondla a un hidroxiaminobcido
(84), (85), que éra la L. (+) -serina,
de férmula HCCH,CiH(NH2)COOH,
que se une al grupo hidroxilo

del radical fosfbrico en forma de un
eter del Acido fosfatldico,

H

H-— C — OOCR!

|
H — C — OOCR!!
=
H—C— O - P—{g)CHZCH(NHZ)COOH
NoH
H
a-fosfatidilserina

Parece ser que la
fosfatidiletanolamina es un producto
de descomposicibébn de la
fosfatidilserina, por descarboxilacibn
de ésta (140),

Tanto las fosfatidilcolinas como las
tostatidiletanolaminas poseen grupos

20 - Inf. s.
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se compensen, en tanto

que en las fosfatidilserinas predomina
el grupo &cido, por lo que

sus reacciones qufmicas son propias }_
de éste, y asl, en productos
naturales, se encuentran asociadas
con iones potasio o sodio (3).

Fosfoinositoides

Un tercer grupo se viene a sumar a
la mezcla conocida como

ncefalinas!, Los primeros en de
detectar la presencia de 4cido
inositol-monofosfbérico en el grupo de
cefalinas de la soja fueron Klenk y
Sakai (103) y posteriormente,

por fraccionamiento de este grupo
Folch y Woolley (86), (87), (89), (138)
encontraron los fosfoinositoides

en la fraccibén menos soluble,
aislando Woolley (139) el compuesto
que denomind LIPOSITOL.;

HOH
RO HOR!
GOH\_ /HOPO(OH) 9
HO G: Unibn de D~galactosa

H— C — OOH
H—~— C — COO - CHy -~ CHg - NHj

HO . »
- Monofosfonositoide (lipositol)

La hidrb6lisis total de este compuesto
libera un mol de cada uno de

los siguientes cuerpos: mesoinositol,
galactosa, &cido fosfbérico,
etanolamina y &cido tartérico, junto
con dos moléculas de 4cidos grasos

(2).

E|l difosfoinositoide fue aislado
posteriormente por Folch (88):

HQPO(OH) 2
R1OH(™ JHOR! |
GOH{_/HOPO(OH) 2

H

H -~ C — COOH
H-—~C— COO - CH,y; - CH - COOH

H NH,,

Difosfoinositoide (10)
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o uien, » {-)
o)
? - REO
. QR
u+ (-)  ca+'t
HOHC[DCHOH _o©
HoHCl_JCH - O - P=0
EHOH ~~OR

Difosfoinositoide (3)

Ningurna de las estructuras de los
dos compuestos indicados.

' se conoce con certeza, pero se ha
comprobado que estos compuestos
figuran, en proporciones notables,
en los fosfatidos, tanto de
procedencia animal como vegetal (97},
(123), (124), siendo su

porcentaje del 40 % en los fosfétidos
del haba de soja (127).

Esfingomielinas y cerebrosidos

En los fosfosfingbsidos (10), también
conocidos como esfingomielinas

(11) la glicerina est8 reemplazada
pot: la esfingosina

= CHCH(OH)CH(OH)CHz,
NH

C13H17CH

que satura uno de sus grupos OH con
4cido fosfbrico, que a su vez
se esterifica con colina:

C13H17CH=CH=CH~-CH~-CHz-NH-COR

OH ©
O = P-OCHzCHj-
N(CH3)3
OH
OH

‘Esfingomielina (10)

L.as esfingomielinas, hasta el
momento, sblo son de procedencia
animal (12). En el caso de los
galactosfingbsidos no aparece el
fésforo, y proceden de la
esfingosina, uno de cuyos grupos
hidroxilo est4 esterificado con la D-
galactosa, mientras que el grupo
amino se esterifica con 4cidos
grasos, como en la esfingomielina,
Asl ocurre en los cerebrbsidos:

Cqi13H17CH= CH-CH-CH-CH5-NH-CO-R

OH OG

Cerebrbsido

Cuilenido en tostatidos de las 1d5 4:(\

oleaginosas

Ha persistido durante bastante tiempo
(17) la creencia de que los

fosfltidos de origen animal eran
diferentes de los de procedencia
vegetal, siendo Levene y sus
colaboradores los primeros que
aislaron lecitina pura de la soja (105),
(109) y trabajaron sobre los
fosfatidos de esta semilla (106), (107),
(108), a partir de cuyos trabajos

se ha ido ampliando este estudio,

La cantidad de fosfitidos presentes
en las diferentes semillas es
generalmente bajo (no suele pasar del
0,5 %)y su porcentaje varfa
ampliamente, no sblo con el tipo de
semilla, sino también con los métodos
de extraccibn empteados por lo

que en la literatura aparecen
porcentajes bastante diferentes seglin
los distintos investigadores,

para una misma semilla,

Como indica Stanley (10) la proporcibn
de fosf&tidos en las semillas

varfa en relacibén directa con el
contenido en protefnas en lugar del de
aceite, siendo caso tfpico la soja
(alto contenido en protelnas, alto
contenido en fosfétidos) y la

copra (alto contenido en aceite, bajo
contenido en fosfétidos), :

Contenido en fosfltidos de élgunos

aceites segln Kaufmann (45)

. Aceite % Fosfétidos
Algodbn 0,7 - 0,9
Arroz 0,5

Avena 1
Cacahuete 0,3 - 0,4
Cebada 3,4 - 4,2
Centeno 1,3 - 4
Colza 0,1

L.inaza 0,3

Maiz 1 - 2
Mijo 0,2
Sésamo 0,1

Soja 1,1 - 3,2
Trigo 0,08- 2,0

Lishkevich (111), (112), encontrb que
el ‘algodbn era la semilla que posela
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(Y o Jowd SEhale AU otoidtals,
inciso supzrior a la seja, aunqgue las
caracterfsticas de losg fusf&tidos

de ambas semilias son muy similares
(54}, sibizn los del algoddn son
algo mds estables quizéas debido a su
menour Ihdice de yodo va que,

seghn Tnurmen {635}, (26), el Indice
de yodo de lus fosfitidos
com:rciales de algodbn ¢s de €60 a 70,
en (zniu gque para la soja llega a los
90,

l.as cefzlinas son los principales
constituyentes de los fosfatidos de
colza, manf (con 64,3 Y de cefalinas
y 35,7 % de lecitinas) y

girasol (56), (con 61,5 % de cefalinas
y 36,5 % de lecitinas),

Por otro lade, el sceite de sésamo
(56), presenta el més alto porcentaje
de lecitinas de todos los aceites

de semillas (52,2 % de lecitinas y
40,6 % de cefbtinas | siendo

en el caso del lceite de linaza de
36,2 %

E!l proceso de desgomado

Visto lo anterior, podrfamos definir
el desgomado como la serie de
operaciones que preceden a la
refinacibn (o que siguen a la
extraccién u obtencibn del aceite) y
en las que las gomas o fosfétidos se
separan antes e independientemente
de la forma de eliminacibn de

los 4cidos grasos, tanto si estas
gomas se¢ destinan o no a la
preparacibn de lecitina comercial,

Por consiguiente, blsicamente, el
proceso consiste en provocar la
separacidn de las gomas,

dentro de la masa de aceite, por la
accibn'de agentes tales como agua,
vapor, &cidos, etc,; aglutinar

esos precipitados, y separarlos por
diferencia de peso especflfico,

El producto separado de esta forma
se compone de una variada

serie de fosfétidos, algunos de ellos
en muy pequefias proporciones,

asl como otras subsfancias de
naturaleza compleja y poco conocida,
y de algunos restos de tipo

sblido procedentes de [as semillas
extractadas, segln el tipo

de proceso. Dado el carécter

22 - Inf, s,
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denominacibén genérica de gomas, sin

profundizar asl en su composiclén,
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Seqgiin la calidad de las gomas" ‘

obtenidas y el proceso seguido en la

separacibn de las mismas, se

ruede preparar a partir de ellas, por

purificacibn y deshidratacibn,
un producto comercial denominado

*  l.ecitina que, a pesar del nombre que

recibe ¢s b&sicamente una
mezcia de fosfatidos (lecitinas,
cefalinas, fosfétidos de inositol),

'

aceite v 4cidos grasos,

El desgomado no siempre se |lleva a
cabo como proceso separado o
independiente de la refinacibn, En
general se atiende al volumen de las
gomas presentes en el aceite

y a la posible utilizacibn o
comercializacibn del producto
obtenido, Si el porcentaje de estos
materiales en el aceite no es
razonablemente notable, se someten
directamente a refinacibn, y

aln a veces, segln el sistema que
se emplee, aunque su porcentaje sea
relativamente alto, se efinan
también sin desgomado previo,
englobéndose las gomas en las pastas,
como en el caso de la refinacibn
"alcalina,

En general, en los aceites de alto
contenido en gomas, el desgomado se
suele realizar casi siempre ya

que facilita el proceso de refinacibn
posterior y, en opinibn de algunos
investigadores y técnicos, reduce las
pérdidas de refinacibn debidas

al empleo directo de soda céustica,
dado la accibn emulsificadora de los
fosfétidos en solucibn alcalina,

que aumentan el porcentaje de aceite
ocluido con las pastas, También,

a veces, un buen desgomado es
suficiente para algunos aceites
técnicos, como por ejemplo el aceite
de linaza para barnices (1).

El efecto de lgs fosfatidos de varios
aceites sobre las condiciones
necesarias para la refinacibén alcalina
del aceite crudo, ha sido

estudiado por Fash (83).

L.a lecitina comercial, a pesar de las
maGltiples y variadas aplicaciones
que se le han encontrado desde su
aparicibn como subproducto de la
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extraccibén del aceite, contin(a siendu
un engorro en las extractoras,

ya que sblo un 10 a 30 %, segln los
casos, del total de lecitina

obtenible en base a aceite crudo,
tiene salida al mercado,

Sin embargo las necesidades del
meircado pueden exigir, y la mayorfla
de las veces asl ocurre, que )
aceites como soja, algoddn o linaza,
sean desgomados hasta un valor

de contenido mé&ximo en fosfétidos
seglin los tipos y normas de
comercializacibén,

L.as gomas separadas del aceite (por
hidratacibn la mas de las veces),

cuando no se destinan a su posterior

tratamiento para la preparacibn

de lecitina comercial, se suelen
adicionar en estado h{imedo a la
harina extractada (normalmente
mezcléndola con ésta en el segundo o
tercer piso de! Desolventizador-
Tostador, segln disefios, y mejor en
el Tostador, si se dispone de

éste como aparato independiente),
Esto representa un aumento del
contenido graso de la harina, lo que
no perjudica su valor alimenticio
sino todo lo contrario, a la vez que
ayuda a reducir el polvo que

se desprende en el manejo de la
harina,

Cuando la lecitina no se va a
procesar, posteriormente a su
obtencibn, es conveniente situar la
centrffuga de desgomado y la bomba
de gomas tan cerca del

punto de utilizaciébn de las mismas
como sea posible (DT u otro
aprovechamiento cualquiera), para
evitar los problemas derivados
imuchas veces de largos recorridos
de tuberfa en la que la lecitina

se solidifica o reseca, taponando el
sistema. En cualquier caso,

para minimizar estos problemas, es
conveniente el trazado de vapor

de la tuberfa de gomas, tantohGmedas
como secas, asl como una

limpieza con agua caliente de la
tuberfa cuando, por las razones que
sea, el sistema se interrumpa
durante largos perfodos de tiempo.

I_a etapa de desgomado, independiente
del proceso de refinacién en sf,
se suele llevar a cabo en las

planto .. cnlraccidbn de aceite

opmo s¢ @buntaba antes, la 1 g 4; 9
separacitr, c« los fosfAtidos se suele
realizar gu¢ hidratacibn y
precipitacidr, aunque la eliminacién
nunca es completa, Por alguna razbn
de fndole ffsica no ha sido

posible eliminar m&s de aproxima
aproximadamente el 90 % de fosfatidos
(52), pues aparentemente la adicién
de agua a estos compuestos no es
completa,

E!l desgomado por hidratacibn

EEs la forma generalmente mis
empleada para separar las gomas del
aceite, Los fosfatidos, protefnas y
otras impurezas de tipo coloidal

son solubles en los aceites crudos
secos, bien como soluciones
verdaderas o bien en estado coloidal,
Pero cuando se adiciona agua

a8 estos aceites, estas materias se
hidratan y aumentan de peso,
separdndose de la masa de aceite en
forma de codgulos fécilmente
“aglomerables y separables por
decantacibén o centrifugacibn,

L.as gomas, al aglomerarse, engloban
€N SU seno un porcentaje

de aceite que varfla segln las
condiciones bajo las que se ha
verificado la coagulacibn y separacién
Principalmente el porcantaje

de agua empleado, asl como la
temperatura y la eficacia de la
centrifugacién, son los factores que
parecen m&s directamente
relacionados con este arrastre de
aceite,

La molécula dé un fosf&tido presenta
dos regiones de marcada
diferenciacibén: una ocupada por las
cadenas grasas (de los 4cidos grasos),
de caré4cter no polar, y la otra
formada por el radical fosférido y la
base nitrogenada, que son

de tipo polar. Estas dos diferentes
tendencias de .la molécula

confieren a los fosfatidos un pecular
comportamiento ffsico-qufmico,

tanto més acentuado cuanto mayor
sea la distancia entre los anteriores
grupos,

L.os grupos polares se ofientan hacia
el agua, mientras las cadenas
hidrocarbonadas huyen en ella,
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, ) . ]
won las seguidas en la tabricacion de ‘
la lecitina comercial a partir !

de los aceites crudos, Por

creando una orientacibn molecular de
formas paralelas, La regidn

no polar atrae !as cadenas
hidrocarbonadas de las otras
moléculas, aparentemente mediante
fuerzas de Van der Waals (3) v se
forma una segunda cadena de
moléculas dn tesibtidos tienen

la misma ter Jercia hacia el agua, se
van formando capas idénticas a las
anteriores {¥7Y ¢n funcibdn al nGmero

de moltécslae de agua,

Cuando 1os fusfdtidos se encuentran
en presencio de glicéridos (78) el
caso es ciferente, ya que las
agrupaciones no estarén ahora
formadas Gnicamente por aguay
fosfatidos, sino que en las mismas
entrarin también los glicéridos,

LLa energla de interaccibn variaré
ahora de acuerdo con la proporcién
de fosféridos y glickridos,

Desnuelle (3), distingue dos
méximos, el primero claramente
diferenciado {(a aproximadamente 70 %
de fosffitidos y 30 % de glicéridos)
y el segundo, menos preciso,aa unos
30 9% de fosfatidos y 70 % de
glicéridos, l.a formacifn de la capa
mixta més estable corresponde,
como era dc esperar, a la mixima
encrgfa de interaccibn, Seqln
Desnuelle, pues, 'cualauier
mixta formada espontdneamente en la
superficie del agua debe por
consiguiente contener
aproximadamente 70 % de fosf&tidos
y 30 % de gylicéridos', Asf, cuando
una soluciba diluida de fosfétidos
en glicéridos se trata con una
pequefia cantidad de agua, fa masa
separada, después de seca,
contiene las proporciones anteriores,
|
La masa de fosfolfpidos precipitados
con agua esth focrmada, seg(n
Jakubowski (41), por una doble
monocapa de moléculas de agua
~odeada por una monocapa de |fpidos
constituida por fosfollpidos y
un 2-3 % ce glicéridos cuando se
hidrata aceite de soja fresco, o un
20-30 9% de glicéridos cuando
se hidrata aceite de soja que ya
estaba parcialmente hidratado,

En su forma b&sica, las etapas
implfcitamente mencionadas de
hidratacién, centrifugado y secado,

consiguiente la aparicibn de
glicéridos en la lecitina acabada no
indica, a priori, una deficiencia del
proceso 0 una pérdida por
emulsificacibn, sino que gran parte
de estos glicéridos han asistido,
como parte activa, a la formacibén de
tas |lamadas !'"figuras de
hinchamiento!t por lo que su
presencia no se puede evitar, aunque
su porcentaje es mds o menos
discutible o m&s o menos variable
segln las condiciones en que

se verifican las dos primeras etapas
mencionadas (hidratacibon y
centrifugado),

1549

Eficacia del desgomado por
hidratacidn

No todas las gomas presentes en un
aceite crudo parecen

precipitables por agua, aunqgue el
porcentaje de las que no lo son sea
gone/r‘almente pequefio, Con

arreglo a este carfcter se han
considerado dos grupos, de tipo
general, denominados grupos
hidrofflicos, al que pertenecen las
gomas hidratables o precipitables por
agua, y grupo ni hidroffiico,

al que pertenecen las restantes,
Mattikow (48) llama a las primeras
nNlipoides A! y a las segundas
jipoides B!, estimando que en el
caso del aceite crudo de soja

el porcentaje de lipoides B es del
orden del 5 al 10 %, preciséndose
para su separacibn, soluciones
clusticas fuertes, del orden de los
20°86,

Normalmente la cantidad de agua
empleada en la hidratacibn varfa de
un 0,5 aun3 %, determinéndose
casi siempre el porcentaje m&s
adecuado mediante ensayos previos
en laboratorio,

L_a cantidad de aceite que arrastran
las gomas, independientemente

del porcentaje mé&s o menos fijo
debido a la formacibn de las "'figuras
de hinchamiento!, parece estar

en una relacibén bastante estrecha
con la cantidad de agua empleada,
con la que también se relaciona la
ordenacibén de capas fosfbtido-agua-
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glicérido, nor lo que su influencia
se acentGa més,

Dentro de ciertos ITmites, y para un
mismo tipo de fosfétidos, a mayor
porcentaje de agua empleado
corresponde mayor volumen de
gomas separadas, pero también

las pérdidas de aceite, por arrastre,
son mayores, Smith (59) considera
que un tratamiento con 1 % de agua,
0 menos, producird gomas que

no disolvern méas del 15 al 20 % de
aceite, en tanto que Mattikow (48)
estima que ¢l aceite oclufdo en las
gomas es, aproximadamente, del 30
al 35 %, en base seca, si

el porcentaje de agua adicionado es
del 1,5 al 3 % y la separacibn

se ha llevado a cabo por

cent rifugacibn,

En la precipitacién de los fosfatidos
la lecitina lo hace con

5 moléculas de agua por Atomo de
f6sforo, mientras ia cefalina emplea
40; en general los fosfatidos de soja
precipitan con 7 a 9 moléculas

de agua por &tomo de fbsforo (41),

L.a temperatura jucga también un
papel importante cn la separ‘acién,
quiz8s més relacionada
directamente, con la centrifugacién
en sl (efecto sobre la diferencia en
pesos especflficos entre las

gomas hidratadas y el aceite, asf
como sobre la viscosidad) ’

que con la hidratacibn y coagulacién
propiamente dichas,

Como rango general, la temperatura
de separacibn se sitha entre

los 55°C y los 82°C, En el caso del
aceite de soja parece que la
temperatura 6ptima de
centrifugacibn est4 en los 75°C,
apreciédndose en el rendimiento una
posible redisolucién de parte de

las gomas precipitadas por encima de
dicha temperatura y un descenso

€n el rendimiento de separacibn a
temperatura més bajas,

Burnasheva y Sterlin (28)
observaran que calentando a 60°C
soluciones de fosf4tidos en aceite,
disminufan las propiedades
hidirofflicas de aquellos, siendo m&s
acentuada esta disminucidn cuanto
més alta era |a temperatura, De

ic ..: forma la eliminacibn de fosf&tidos
por hidratacibén disminufa en el

caso Je soluciones en aceijte que

haivian vstado sometidas a 1 5 4
calentamiento, siendo menor el
rendimiento en fosfAtidos separados
cuanto m&s prolongado hubiera
sido el calentamiento,

Desde el punto de vista del rendimiento

en fosf&tidos separadso entra

en juego otro factor que es el tiempo
de reaccibn o agitacibén durante

la hidratacibn, Segln Wittcoff este
tiempo de agitacibn puede variar de
15 minutos a una hora (12), siendo
normalmente de unos 30 minutos (42

Preparacién de la letitina comenrcial

El aceite crudo de soja es casi

exclusivamente del que se utilizan las

gomas precipitadas para la
preparacibn de lecitina comercial,
denominada comunmente "lecitina de
sojall,

Las gomas obtenidas a partir del

aceite de algodbn, dado su caracter
resinoso y su aspecto oscuro, no
tienen hasta el presente aplicacibn
comercial por o que, cuando

Se separan del aceite crudo, se suelen
adicionar a la harina extractada,

Tampoco en el caso del aceite de
linaza son aprovechables las gomas,
aunque se practica el

desgomado muy frecuentemente, sobre
todo para la preparacién de aceites
técnicos, Con el fin de obtener

un buen rendimiento de desgomado
conviene ajustar lo mas
adecuadamente posible el porcentaje
de agua de hidratacién, Kantor (44)
estima que el peso especlfico del
aceite de linaza es funcibén de su
contenido en gomas, por lo que
conocido aquel se puede fijar el
porcentaje de agua de tratamiento,
Este porcentaje suele variar

de 0,2 a 2 % para pesos especlficos
de 0, 9315 a 0, 9340, respectivamente,

Un tlpico aceite de soja, segln
Bayley (11) rendir4 aproximadamente
un 3,5 % de material gomoso
consistente en un 25 9 de agua y un
75 % de productos solubles en
aceite, de los que, aproximadamente,
1/3 es aceite y el resto insolubles
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en acetona {L8sicamente tosfatidos),
Como se ha dicho, précticamente toda
la lecitina comercial procede

del aceite de soja, y precisamente,

el extractado por disolventes, ya que
las altas temperaturas empleadas

en ¢! prensado hidréulico o

mediante expellers tienden a
descomponer los fosfatidos (12).

Myers (53) ha patentado un sistema
de desgornado y preparacibn

ae lecitina, si bien en general,
estos procesocs se puede considerar
que responden al esquema
representado en la Fig, 1

Con el Tin de que la lecitina cbtenida
sea lo s clara posible,

el aceite crudo procedente de
extraccibdn o de tanques de
almacenamianto se somete a un
filtrado previo a la hidratacién,
empledndose del orden de un 0,06 %
de ayudante de filtracibn que

se mezcla en el tanque de
alimentacibn del filtro, que
generaimente es de tipo horizontal y
placas verticales con malla metélica,

Normalmente se suele emplear un
solo filtro de capacidad calculada
para manejar algo més de la
produccibn diaria de aceite a tratar
y, el volumen del depbsito de
recogida de aceite filtrado, asfl como
el de mezcla de aceite y ayudante
de fittracibn se calculan de forma
que puedan contener algo més

del aceite en trénsito que se maneja
durante la limpieza del filtro

que se efectla una vez cada 24 h,
con lo que el proceso resulta en
continuo, '

Se ajusta la temperatura del aceite

y la proporcibn de agua, que una vez
adicionada al aceite y

homogeneizada la mezcla, se somete
a un tiempo de retencibn, con
agitacibn media, con el fin de
facilitar la separacibn de las gomas
en el seno del aceite, Este

tiempo de contacto se estima, para el
aceite de soja, de unos 20 a 30
minutos, y se prevé calculando el
volumen del tanque de hidratacidn de
acuerdo con la capacidad de la
instalacibn,

La salida del tanque de hidratacién

» suele hacer mediante una tubdrla
n forma de lira o de U
‘nvertida, cuyo nivel superior
corresponde al tiempo méximo de
retencibén (o volumen mé&ximo dentro
del tanque) que se ha calculado
seglin se indica anteriormente, Unas
vllvulas de comunicacibén
entre las dos ramas de la tuberla
permiten variar el tiempo de contacto
en funcibn al nivel mantenido en el
tanque de hidratacibn,

L.a mezcla de gomas y aceite se envfla
a las centrlfugas, donde se

efectla la separacién de las gomas y
el aceite, el cual se envla

al secador a vaclo para eliminar el
agua retenida y a continuacibn

a los tanques de almacenamiento,
Por su parte las gomas, después de
homogenecizadas, se envfan al
secador de lecitina a vaclo que,
generalmente, suele ser del tipo de
pelfcula fina que se lamina por

la accibén de dos troncos de cono
coaxiales, con espesor de capa
regudiable y con caiefaccibn por
camisa de vapor,

Jakubowski (98) da una descripcibn
de una planta piloto de

desgomado y Langhurst y Stanley (6)
describen el proceso de
preparacibn de lecitina comercial,
que comienza por el tanque de
deshidrataciébn en el que las gomas
se calientan y agitan a 65-71°C
bajo unos 70 cm de vaclo, hasta que
su contenido en humedad se

reduce por debajo de 0,5 %,

L.a lecitina seca, aproximadamente a
110-115°C, sale del secador

de forma bastante flulda como para
permitir su bombeo a los depbsitos de
recepcibn que, generalmente,

estén provistos de calentamiento
eléctrico o por camisa de vapor, y
tienen un agitador que permite
homogeneizar la lecitina para el caso
de que se adicionen substancias
que modifiquen sus caracterfsticas
ffsicas o qufmicas.

Uno de los factores que en. principio
condicionan la calidad de la

lecitina obtenida, es su contenido en
insolubles en benceno (Bi), cuya
fraccibn estl constituida
primcipalmente por !'"finos!" de harina
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que han pasado a través del filtro en
la fase de clarificaciétn previa,

La cantidad mixima de BI permitida
en la lecitina comercial es 0,3 %;
sin 'embar‘go, si el porcentaje es
sensiblemente superior a 0,1 %

“la lecitina aparecer& generalmente
con un aspecto brumoso o

nebuloso, en tanto que por debajo de
dicho ilmite su aspecto seré

claro y brillante., Por otro lado
parece que si el aceite sometido a
hidratacién es fresco y no ha sufrido
un almacenamiento prolongado,

la calidad de la lecitina obtenida
mejora apreciablemente (11),

L.a lecitina seca obtenida por el
procedimiento general descrito
anteriormente, se conoce como
lecitina comercial o lecitina cruda, y
segln Sullivan (62), empleando
centrffugas herméticas con descarga
a 3-4 k/cm? se puede obtener

con valores tan altos como 80 % de
insolubles en acetona (Al),

La riqueza en fosf4tidos dependeré
principalmente del método

seguido para la precipitacibn Y
separacibn de las gomas, asl como de
del porcentaje de agua empleado,
como ya se indicd anteriormente,
Valores, por tanto, de 66 % de AJ
indicados por Bailey (11) o de

65 %, segln datos de Stopper (61)
son bastante frecuentes,

Las '"lecitinas" comerciales no estén
formadas exclusivamente,

ni siquiera pl’-incipalmente, por este
tipo de fosfétidos, sino que son

una mezcla de lecitinas, cefalinas,
fosfétidos de inositol, etc,, asf
como &cidos grasos y aceite, que se
cree e¢jerce una accibn
estabilizadora en estos productos tan
sensibles a la humedad y el

oxlgeno (12),

L.a serie de compuestos que, en
mayor o menor proporcibn, figuran
en estas mezclas, podrfa ser

alin mis extensa si no fuera porque,
en realidad, la extraccibn de

los fosfitidos juntamente con el
aceite, en los procesos continuos
por disoiventes, es bastante
incompleta, l_a razbn de esta
deficiencia en la extraccibn de los
fosfltidos se puede atribuir,

pr‘incipalmente, a dos factores: el tipo
de disolvente empleado
(siempre actlia mis o menos
selectivamente) y la humedad de la
semilla, en forma de copos,

que se somete a extraccibn, en la que
la humedad se procura mantener

lo m&s cerca posible del 11 %, lo que
ejerce también una accibn

selectiva en el momento de |a
extraccibn,

Segln Beckel y cbl, (25), el
disolvente empleado en la extraccién
afecta no sblo a la acidez, sino
también al contenido en gomas del|
aceite obtenido,
Efecto del disolvente de extraccién
sobr‘e. los valores de acidez y
"rotura! del aceite de soja

extractado (25)

Disolvente lndl_ce de "Roturan
_ acidez

Dicloroetileno 0, 52 -
Tricloroetile-
no 1, 04 1,00
Tetracloruro
de carbono - 0,44 0, 06
Isopropanol 0, 85 0, 86
Etanol 0,6 0, 00
Etanol (resij-
duo) . 0,24 0,02
Hexano 0, 50 0, 50

El aceite de soja contenido en las
gomas separadas por precipitacién de
este aceite, puede o no ser
reemplazado por otro aceite méis
estable, tal como aceite de manf,
coco, aceites hidrogenados o manteca
de cacao (12), El proceso que se
sigue en estos casos suele consistir
en disolver el aceite en acetona,
separar la solucién formada y afadir
el nuevo aceite,

También puede no afadirse aceite
alguno y dejar los fosfAtidos en estado
més o menos libre, después

de m&s de un lavado con acetona,
pero el producto es muy inestable y
debe almacenarse cuidadosamente con
vistas a su pronto empleo,

Una técnica m&s econémica que el
empleo de acetona para la

28 - : Inf, s, Grasas y Aceites (Enéro-Marzo 1970)
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puificacion o concentracibn de los
‘focfatidos procedentes del
desgomado de aceites, ha sido
prapuesta por Garmash (38) vy
consiste en disolven la !lecitinall en
grasa hidrogenada a 95-100°C,
centrifugando para eliminar las
substancias insolubles a 80/85°C
sequida de precipitacién por
enfriamiento a 40/45°C, )
L as caracterfsticas flsicas oquflmicas
de la lecitina natural se

pueden modificar mediante
maniptilaciones efectuadas durante su
proceco de separacibn o
posteriormente al mismo, como
veremos a continuacibén

Decoloracibn de la lecitina

AlGn bajo condiciones de proceso
excelentes, la lecitina natural
presenta un color parduzco, més o
menos oscuro, cuyas tonalidades
dependen principalmente de la
variedad de semillas en proceso, asf
como de la calidad del aceite
obtenido,

Con el fin de reducir este tono oscuro
de la lecitina comercial natural,

as! como uniformar los tipos,
independientemente de la fuente de
origen de los aceites de los que se
obtiene, se han propuesto varios
agentes blanqueantes, entre los que
destaca, por su profusibn de empleo
el perdxido de hidrbgeno, que

se aflade a la emulsiébn de fosfétidos

antes del secado, segln una
patente de Bollman (75),

Normalmente el perbxido de hidrbgeno
se suele anadir en el tanque

de homogeneizacién de gomas,
inmediatamente antes del secado,
empleando una solucibén al 30-35°%,
en proporciones variables que
pucden llegar hasta el 2 % con
relacibén a los fosfitidos, EI uso de
este agente blanqueante se descrite
también en patentes otorgadas a
Bollman y a Bollman-Schwieger

(74, 76), aduciendo que el perbxido
de hidrbgeno aumenta la

capacidad de los fosfatidos para la
emulsificacibn,

Segln Thurman (67), cuando se
emplea perbéxido dehidrbgeno como

Inf, s, Grasas y Aceites (Enero-Marzo 1970)

agente de .-, umiante, los fosfétidos
obtenidos tienen un color claro,
producto de 13 decoloracibn efectuada

en la fase de hidratacibn, -' q 4 q

El uso de este agente blanqueante
conduce al tipo de lecitina que se
denomina ""single bleached" {con
blanqueamiento simple) y en ocasiones
se refuerza su accibn por el

.empleo de un segundo agente

blanqueante, que generalmente es el
perbxido de benzoilo, con lo que se
origina el segundo tipo denominado
ndouble bleached!" (con blanqueamiento
doble).

E! empleo del perbxido de benzoilo
como agente blanqueante también
figura en la literatura (94, 126), en la
que se indica que su utilizacibn
conduce a productos acabados de
consistencia més suave,

Cuando se efectia una decoloracibn
doble de la lecitina se suele

/aﬁadir‘ al producto natural,
aproximadamente 0, 1 % de perbxido
de hidrbégeno comercial al 35 9

(p.e. 1,132) y del orden del 0,008 %
de perbxido de benzoilo seco, con
celacibn al aceite en proceso de
desgomado,

Se han propuesto también otros
agentes qufmicos como el clorito
sbdico, segln indica

Greenfield (92), o perbxidos grasos
como los propuestos por Epstein (88),

Entre los medios flsicos de
decoloracibn se han propuesto las
arcillas y tierras de adsorcibn por
Markman y Vuishnepolskaya (115},
asl como las tierras activadas por
Marmor y Moyer (116),

recomendando la decoloracién en fase
miscela, tomando el aceite en su

fase intermedia de destilacién, en el
proceso de extraccibn por

disolvente, Julian e lveson (100)
patentaron un procedimiento en el que
la miscela del aceite de soja

se trata con una arcilla de tipo 4cido
y luego se adiciona otra de tipo
alcalino, aunque los fosfétidos se
precipitan antes de la adicibn de la
segunda,
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Gtras modificaciones de la lecitina
natural

Tipos de Lecitina de Soja 1 5 4 9

Ademés del color, la otra
caracter[stica flsica que se modifica
o se puede modificap, es la
consistencia, Esta puede ser de
naturaleza pléstica, que es

la forma en que normalmente se
bbtiene la lecitina natural, o fluida,
Ambos tipos se diferencian en

su contenido en Acidos grasos,y

el paso de la primera forma a la
segunda se hace por adicibn de un
2 a5 Y% de mezcla de &cidos

grasos a la forma plastica (11),

Seglin la composicibn de la lecitina
obtenida por desgomacdo del

aceite en proceso, se prepara el
grado fiufdo en los mismos tanques de
almacenamiento, por adicibény

mezcla de las proporciones
convenientes de aceite de soja o
&cidos grasos (generalmente también
de soja),

En cuanto a las lecitinas qufmicamente
modificadas, el tipo de lecitina
dispersable en agua (denominado
"'water dispersible), resulta de la
adicibn y mezcla de un 8 a 10 % de
un agente emulsificante y de un

4 a 5 % de Hexelene Glycol, a la
lecitina fluida de blanqueamiento
doble,

L.as propiedades emulsificadoras de
la lecitina cuyo contenido en

aceite se incrementa al 30-40 % por
adicién de aceite de soja, se

paeden aumentar por la adicibn de
alcoholes arométicos, propilgalato y
estearato de polioxiet.ileno (51).

Tipos de lecitina

Con arreglo a los tipos de
modificaciones anteriormente
descritos se distinguen seis {ipos de
lecitinas comerciales, segln

sean naturales, con blanqueamiento
en cada una de sus dos versiones,
pléstica o flufda,

Cff;'s"f‘li‘:s‘ Plistica | -FlGfda
Humedad (a) T % méx| 1 % m&x
Insolubles en
benceno 0,3% méx| 0,3% méx
Insolubles en
acetona 65 % mfn (62 % mn
Indice de aci
dez 30 méx |32 max
Viscosidad,
poises a25
25°C (b) - ‘ 150 méx
Penetracibn (

(c) 22 mm méx| -

El color Gardner (en solucién de
aceite mineral al 5 %), es
respectivamente de 10,7 y 4 en valores
méximos para las tres versiones:
natural, con simple y con doble
blanqueamiento, respectivamente, .

a) Por destilacién en tolueno durante
dos horas o menos (AOCs, Ja 2-56)

b) Mediante un viscoslmetro
convencional adecuado o por el
sistema de burbuja y tiempo de la
AOCS, método Ka 6-59,

. suponiendo densidad uno. La
lecitina fluida con viscosidad
inferior a 75 poises se debe

‘considerar sujeta a premio,

c) Utilizando el cono Precisién 13525,
y el penetbmetro 3510; con
muestra acondicionada a 25°C .
durante 24 horas,

Continuaré en el préximo nlimero
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&
DEGUMMING VEGETABLE OILS LECITHIN PRODUCTION

by J. Lajara

Hydration using water vapor

Water for coagulation of phosphatides can be added to the oil as a
vapor. In this case, one starts working with the oil at a temperature
slightly over room temperature and the oil is heated up to 80°¢C using
vapor. When the total moisture content of the 0il is approximately 4%,
centrifugation and separation of the precipitate is performed (68).

The basic problem with the use of vapor is the difficulty in
measuring and controlling the percentage added and that is why in many
cases hot water is used instead (1).

Vapor allows a better contact between the water and dissolved gums;

nevertheless, the agitation stage is necessary in this case also.

Uses of commercial lecithin

The use of this sub-product of the refining of soy oil has increased
significantly in recent years. Nevertheless, it is estimated that only
10 to 30% of the gums separated from the soy oil in the extractors go On
the market as commercial lecithin since most of it is mixed with flours.

We would mention some of its uses: its emulsifying power and its
natural origin make it especially useful in the food industry where it
is used as a dispersing agent and to facilitate the mixture of fatty
substances and dry flours or similar ingredients. It is also used as an
additive in margarine, chocolate, etc.

It seems that phosphatides also present antioxidant properties (they
are a natural antioxidant of the oils), although it is not very clear if
its action is "per se" or if it only appears when they are associated
with other compounds such as sterols or tocopherols. Sometimes they are
used in small proportions to keep fats from oxidation and also in cosmetics
and soap.

Its moistening and dispersing properties are also used industrially for
the preparation of varnishes and inks.

The lubricants and the lead gasolines also benefit from its dispersing,

emulsifying and antioxidant properties.

PR

e S e iy i D BT 0



1550

For more thorough information about '"the industrial uses of the
phosphatides", look up chapter XXVII, pages 504 to 522 of Wittcoff work
(12) or D.R, de Castro (12A).

Other degumming methods

Besides water or water vapor as degumming agents, many other reagents
or chemical compounds have been proposed that alone or two or one of them
acting simultaneously, produce effects similar to hydration, sometimes
completely; they can also affect later stages of the refining.

These specials reagents are used to obtain a better degumming
process than the one achieved with water., In some cases they are intended
to produce a partial or total neutralization of the oils or to achieve a
purification that would make neutralization unnecessary.

Very few times are the gums precipitated by special reagents used for
the manufacturing of commercial lecithin. The degumming is in this case
more a refining stage than a finishing stage in the oil produced by extrac-~
tion.

1. Use of alkalis - the use of alkalis as degumming agents presupposes the
desire to produce at least a partial neutralization of the o0il. These are
not recommended for the preparation of the lecithin since these reagents cause
secondary effects in the purification of the oil, and these products are

with the gums separated from the centrifugation.

a) Ammonium hydroxide

Ammonium hydroxide has been proposed by Clayton (32, 33) as a
degumming and neutralizing agent. The gums obtained by this procedure used to
be subjected to treatment to eliminate the ammonium and eventually recover it
for further use.

Mattikow (49) gives a diagram of this system that genérally corresponds
to the one shown on page 38,

Generally, the oil is treated with ammonium-hydroxide (solution of
NH3'in HZO) to separate the gums and at least part of the free fatty acids
in the o0il. When the acidity is low, the amount of ammonium hydroxide to
be added corresponds stoichiometrically to the precise quantity needed to
neutralize the free fatty acids, but in the case of higher acidities, the

amount of reagent is lower than that necessary for a total neutralization.



Once precipitation of the gum has taken place, the heavy phase that
precipitates in the centrifugue contains all the ammonia originally
introduced into the system, as ammoniacal gums or ammonic soaps; also
the excess of aqueous ammonia used, containing approximately 50% water.

With the purpose of helping the recovery of ammonia, the separated
gums are diluted with approximately their weight in water, and the reagent is
vaporized in an adequate container, heating the aqueous phase to the
boiling point of the solution of ammonia/water at the system pressure. A
further stage of exhaustion of the reagent followed by drying completes
the cycle.

The oil once separated is free of gums and part of the fatty acids but
contains a small amount of water and some ammonium hydroxide. If the oil
is going to be refined once more it is not economical to recover the small
amount of ammonium hydroxide, although if one wishes, it can be subjected
to an exhaustion step as in the case of gums.

The concentration of the ammonium hydroxide can vary from 1.5% at the
commercial concentration (approximately 29%) although the préferred values
stand between 3 and 10%, so that there would not be too much fumes liberated
during the centrifugation at 60-65°C.

The addition and mixture of the reagent is performed at 80-95°C when
there is a further step of refrigeration; if not, it is performed at 65°¢C
or a maximum of 80°c.

The quantity of reagent varies from 1 to 3.5% in weight of the oil and
the amount of water to dilute the paste from 1 to 3 times the weight of
the phase separated in the centrifuge. According to data from the patent,
soy oil of 0.5% A.G.L. was treated with 1.5% of a solution of ammonium
hydroxide (3.6%). The oil was heated at 65°C and the mixture at 80°c.
After the centrifugation, the aqueous phase of the gums contained, in the
dry base, 16.7% of the dragged oil.

b) Sodium hydroxide

The effect of the caustic soda, according to the concentrations
used, on the gums of the oils, is more complete than the one achieved by
simple hydration, and at the same time, its neutralizing action leads to
a greater purification of the crude oils. For this reason, many times the
oils are subjected directly to neutralization without degumming, especially

in those cases in which the percentage of gums is reduced or partly reduced.
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Nevertheless, the crude oils treated this way yield pastes in which
the phosphatides have been attached and partially decomposed. That is why
the use of great quantities of sulfluric acid is only to recover fatty
acids of low quality and never as raw material in the manufacturing of
lecithin,

In the refining of oils with caustic soda, before neutralization
is finished, the phosphatides, which are more easily saponified than the
neutral oil, start to decompose. For this reason when the acidity is
calculated, the values are higher than for the same oil after degumming
(42).

Use of acids

a) Phosphoric acid
It is the reagent used more frequently as a degumming agent when
this stage precedes the addition of the base for the neutralization, in
the refining processes, without separation of the gums independently of
the soaps.

It is sometimes added as a concentrated solution (approximately 85%)
and its percentage in relation to the weight of the oil seldom exceeds
0.1 Z. 1Its coagulant and precipitating action on the gums is more
pronounced than in the case of water, but due to its chemical action, it
capnot be used unless it is followed by the addition of a neutralizing
agent, before the centrifugation.

Because of this, it is not used as a precipitating agent of the gums
in the preparation of lecithin; nevertheless, it is widely used to precipitate
leftover gums present in oils previously degummed, or even crude oils,
before the addition of caustic soda for the purpose of obtaining a more
complete elimination of the gums and to reduce the absorption by the gums,
once precipitated, of the reagent used in the neutralization (lower consump-
tion of reagent) and neutral oil (lower losses). It seems that its use
also improves the elimination of the soaps of the neutralized oil, in
the washing stage.

The Farhenindustrie (82) process mentioned by Anderson (1) treats the
soy oll at 35°C with 1% of phosphoric acid of a 40-65% concentration, heating
the mixture at 60°C. After adding 0.2% of water and agitating during 10
minutes, the mass is left to deposit as a sediment and the precipitate is
then éeparated, washing the oil with ammonium hydroxide to neutralize

the remainder of the acid and precipitate any slimy residues.
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The phosphorus contained in the linseed crude oils can be eliminated
completely by treatment with a solution of phosphoric acid, it is interesting
to point out that the phosphatides of the linseed oil have a higher content
of phytoglycolipids, constituents isolated and studied by Carter (29).

Sullivan (63) proposes the addition of 0.1 to 0.4% of phosphoric acid
until additionzl compounds are formed.

b) Nitric acid

Guillaumin and Boulet (39) studied different techniques for the
degumming of oils controlling the effect of such treatments by the relation
of the remaining phosphorous in the oil before and after the degumming.

Using diluted solutions of nitric acid (5%Z) at room temperature, they
verified that 0.5-207 of the original phosphorous remains in the oil in the
case of rape oil extracted by solvent, while in the one obtained by pressing,
this percentage was 2%,

Above agitation speeds considered average there is redissolution of
the gums (45% of the original phosphorus remains), while at lower speeds,
the precipitation is incomplete (71% of phosphorus remains). At the
average speeds of agitation, only 277 of the original phosphorus remains in
the oil after the degumming.

Paul (55) considers this acid better than the hydrochloric or phosphoric
acid for the precipitation of the gums.

¢) Acetic anhydride

Hayes and Wolff (40) have described a process that uses acetic anydride
anhydride as a degumming agent. It is the opinion of the authors that the
use of anhydrides requires, for the same effect as the degumming, less
quantity than the amount corresponding to the acids from which they originate.
At the same time also the temperatures can go as high as 100°C. The lecithin
obtained, once the acetic acid has been eliminated by drying the wet gums,
seems to have the same characteristics as those obtained by the usual methods,
while the oil, free from the gums, can be subjected to the refining process
without, according to the authors, a neutralization stage being necessary.

The process consists, basically, in treating the crude oil with 0.1 to
1% of acetic anhydride, followed by stirring of the mixture during approximately
15 minutes and further addition of 1.5% of water, approximately, with more

stirring for 30 minutes.
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Following this, the mixture is centrifuged and the gums are separated,
washing the degummed oil with 107 of water at 60-70°C to eliminate the acetic
acid retained,

The system is adequate for peanut and soy oil, though in the case of
cotton and corn it seems that the oils obtained cannot be bleached satis-
factorily with dusts and carbons.

Myers (52) gives a further description of the method, with the data
obtained,

d) Other acids

Other acids have been proposed as hydrating agents for the degumming
of cotton o0il such as solutions of weak boric acid (130, 132) or aliphatic
polybasic acids (120).

Hydrochloric acid has been also proposed using approximately 0.4%
of a 2N solution and completing the precipitating action with the addition
of fibrous substances such as the flour from the extraction on the washed
peels of the seceds.

Sulphuric acid (20, 72) is used primarily for whale oil, rape or fish
(1) and for the preparation of oil of special technical characteristics.
Its use requires special care to avoid sulfonation of the oil when the
acid attacks the triglycerides, which produces a reddish coloration that
cannot be eliminated.

In all pretreatments with acids or corrosive chemical products in
general, it is Important to take into account the capacity of the available
equipment to make it possible to work under the operating conditions that
are considered. Besides the probable deterioration of the equipment by
chemical attack, the stability and color of the o0il can suffer by the
presence of iron salts or other metals, products of the attack on the
containers and the tubing.

3. Various Reagents

Since water is the principal basis of the degumming reagent, different
different variations exist. Acidified water (82) with a variable percentage
of salt (60, 131) has appeared repeatedly in the technical literature.

Ayres and Clark (23) patented a process for the degumming of cotton
oil that uses starch in water, and Sims et al. (58) in order to prevent
development of an odor in its refined oil, proposed addition to the water
used in the washing during the degumming process of 0,01 to 0.5% of an

oxidizing agent such as potassium dichromate, potassium permanganate or




15

citric acid, operating at 50-70°cC.

The technical literature also contains references to reagents such as
alkaline phosphates (134), pyrophosphates (136), sodium hyposulfite (121),
sodium sulfite (91) and moisturifing agents in general (90, 117, 119).

4, Various degummings according to the way they are performed

a) Degumming in the "micelle'" phase
Among degumming processes in the micelle phase, Sikes (57)

describes one performed experimentally with cotton oil. The oil, containing
8% hexane, was sent to the degumming stage without going through the
finisher, The degumming was performed by the addition of a 2.5% of water,
heating at 49°¢ (1200F) and centrifugation. After the centrifugating stage
the oil was pumped to the finishing extractor and from there to the dryer
to eliminate moisture. The results obtained seem to be comparable to the
ones of the normal process, although Sikes points out an improvement in
color, attributed, according to him, to the fact that the gums, due to the
presence of hexane, absorb a great part of the gosypol contained in the oils,
due to the greater solubility of this in hexane at the degumming temperatures.
The gums, on the other hand, appear to be more difficult to handle in the
laboratory.

Cavanagh and Beau (31) propose in the case of soy oil the following
system: a micellar of soy oil containing 25-35% hexane is prepared and
heated at 65-80°C. Two percent of water is added and the same percentage
of ethyl alcohol, and the mixture is stirred until a precipitate appears
that is separated by filtration. One percent water and 2% of ethanol are
added until another precipitate appears and then the water and the solvents
are eliminated at the same time or one after another. Instead of ethanol,
methanol or isopropanol can also be used.

b) Degumming by absorption or filtration

It is known that a good bleaching with an adequate use of earths
removes small percentages of gums retained in the oil after the degumming
and neutralization steps.

When the oil has a low content in gums a mixture of 1% of activated soil
can give a good result followed by the corresponding filtration after the
neutralization stage. The effect of the activated soil is similar, though
on a smaller scale, to that of the acids already seen, to which is added

the absorption and retention power of the soil.
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The advantage in these cases, besides the degumming action, resides in
elimination of all solid particles that the 0il can have suspended, this
also being an advantage in the cleaning of the centrifuges of neutralization.

1f the treatment with dusts is appropriate, the bleaching stage can be
eliminated and the neutralized 0il can be subjected directly to the deodori-
zation at the same time that the recuperation of the neutralization
would lead to fatty acids partially bleached.

Nevertheless in order for this treatment to be useful, from a degumming
point of view, the percentage of gums of the crude 0il must be substantially
low.

¢) Other methods

The same way that the bleaching acts as a separator and eliminator
of the gums as well as deodorization produces, at the high temperatures of
its operation, ﬁhe precipitation of the slimy substances which coagulate
due to the only effect of heat, above 240°C (1).

Nevertheless, the type of precipitate obtained is difficult to retain
because the filtration engulfs to much oil in its mass.

As Anderson indicates (1) the action of an electric field of high
voltage over the oil, can lead to the precipitation of the phosphatides,
according to the processes proposed by Leinidorfer (104) and Unschuld(133).

Estimate of the contents of phosphatides in an oil:

The test most commonly used to determine how good the degumming of the
0il was is the modified Gardner method of the AOCS ("Break test'), that
basically consists of: the mixture is homogenized heating for 5 minutes at
65°c. 25 g are weighed and 3 drops of HC1 are added, stirring well to
facilitate the mixing.

A thermometer is placed with the bulb halfway in the liquid, without
touching the walls and is heated up to 289°C without stirring and at an

approximate speed of 750/8000 per minute. It is cooled and 50 ml of CCla

are added, stirring to dissolve the oil. It is left to settle for am hour
stirring every 15 minutes. It is filtered in a crucible with no less than
5 portions of 20 ml of CCl4, breaking the vacuum at the end of each washing
to make sure that the elimination of 0il is complete. Following this the
crucible is dried at 105°C to constant weight.

Break % = weight of the residue X 4

};
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The phosphatide content corresponding to the precipitate obtained in
this test is often approximately twice the value of the "break" obtained.

McGuire et al. (50) found that reduction in the nitrogen content is an
jndication of the efficiency of degumming. According to what Bauer (24)
indicates, the nitrogen content of the soy oil extracted by solvent can vary

between 0.019 and 0.0237%
Given the fact that phosphorus is always part of the composition of

the phosphatides, the determination of this element in the refined oils
allows estimation of the residual percentage of them. According to
Mattikow (47) the majority of the well refined vegetable oils have a
percentage in phsophorus between 0.0005 and 0.0001% that is equivalent to
0.002 to 0.004% of phosphatides.

Nevertheless, it is risky to establish a direct relationship between
the percentage of phosphorus and that of the phosphétides when there is
not an absolute certainty about the original source of the phosphorus present
that can be different than the phosphatides, and besides the molecular
weight of the phosphatides is practically impossible to calculate (9).

The presence of the non-lipid phosphorus in the substances producing
0il can be associated with components of different nature. As in the case
of the soybean, according to Farle and Milner (79), a variety that contained
6.02 mg of phosphorus, for gram of whole seed showed the following distribution:

4% as inorganic phosphorus, 4% as nucleic acid

13% .as phosphatide

79% as phytin

(Phytin has been described as the salt of hydrogen—galcium—magnesium or
calcium-magnesium pottasium, of the inositolhexaphosphoric or phytic acid.)

According to Lishkevich (111) in the seeds of the oils investigated by
him (cotton, soy, and peanut) only a 1.4 to 8.3% of the phosphorus present
appears as phosphatide, while 52 to 76% appears as phytin.

To calculate the phosphatide content of a fatty extract or an oil, from
the phosphorus content, a conversion factor is necessary, and this requires
previous knowledge of the phosphorus content of the phosphatides but this is
almost impossible due to the complexity of the mixture of these substances.
Nevertheless, when in a fat or an oil there are no other substancescontaining
0il but the phosphatides, the content in phosphorus is a direct indication of

the amount of phosphatides present (64).

it
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Many conversion factors had been proposed, deduced by experimentation and
always using simplifications according to the method used. According to Jamieson
and McKinney (43), the factor, based on the phosphorus content, of some
phosphatides (such as the sphingomyelins) would appear to be 23. g

An experimental factor of 22.7 was experimentally found by Artom and |

Fishman (69).

Due to limitations of the analytical methods with its errors, any of

these factors would be,in principle,acceptable. In the case of the soy oil
it seems to be right to use a factor of 30.

Influence of the phosphatides in the quality of the refined oil.

The presence of phosphatides in the oils can produce effects more or
less noticable that many times are not clear.

As enulsifying agents they directly help in the formation of foam, that
is not desirable in refined oils; at the same time also because of making the
air solution more stable, they help the contact of oxygen with the oil and the
absorption of moisture.

Kozin and Sitnikova (46) studied the variation of the acidity and peroxide
indexes during storage, at different temperatures and relative humidities, of
sunflower oil to which had been added 0.25, 0.5 and 0.75% of phosphatides.
They reached the conclusion that phosphatides deteriorate the oil because of
absorption of atmospheric moisture and increase the percentage of water in
the oil at the samc time they precipitate together with other substances,
slimy products, increasing too the microrganic activity.

Bollmann (27) and Olcott (54) attributed antioxidant properties to
the phosphatides, while Kochendorfer and Smith (101), found that the commercial
phosphatides from the purified soy constituted antioxidants of variable
activity. On the other hand only choline, among the products resulting
from the hydrolysis of the phosphatides, show any antioxidant activity
and even so to be significant, it must be found in significantly high propor-
tions (35) and phosphoric acid, present in the phosphatide molecules and
due to the fact that they take the Fe ions, are effective antioxidants (36).

It has been shown that purified lecithin, from the soy phosphatides,
does not show the oxidation of the distilled fatty ester of olive oil (95)

and is not as effective an antioxidant as carotene precursors (96).

10
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Though the lecithins were found inactive, Olcott and Muattil (118)
found that cephalins, seem to have a slight antioxidant action upon
refined cotton oil that is clearly seen with the phosphatides mixtures,
when the oxidation is accelerated by cobalt peroxides (81).

Desnuelle (3) indicates that cephalins, due to the acid character,
belong to the acid antioxidants, and they always act together with other
compounds, not showing, when they are alone, any antioxidant property.

It seems right to assume that the antioxidant effects observed in
lecithins and cephealins are due to their continued action with other added
substances such as citric or ascorbic acid (26), or other substances in
the oil such as tocopherols (114, 128, 137), whose content ié'decreased;

phosphatides in the refined oils are less valuable as antioxidants.

Bibliography




o 15579

Lo
: ¥

" informaciones sobre grasas y aceites

Buenos Alres, v. 8 n.2-3pp. 33 - 58 (ABRIL - MAYO 19870)

Publicacién Mensual técnico~econbdmica del Instituto Argentino de Grasas y
Aceites - Departamento de Estadfsticas e Informaciones - Chile 1182 - Re

plblica Argentina,
Director - Juan Carlos Ciaburri

CONTENIDO B Pég.
- Desgomado de aceites vegefales - FFabricacibn 7 5
de lecitina - J, lL.ajara : 36

~ Técnica conservera - Refuerzos de los reci-
pientes de vidrio : 48

- Espectometrfa - Nueva técnica para anélisis
orgéni cos 50

- Integracibén biolbgica de los aceites alime nticios-
Jorge 83, Mulilor ) 53




.

&
Desgomado de aceites vegetales:

Fabricacion de lecitina y

Continuacibn del nGmero anterior,

Hidrataci6bn mediante vapor _de agua

El agua para la coagulacibn de los
fosfétidos se puede adicionar
también al aceite en forma de vapor,
En estos casos se comienza a .
trabajar con el aceite a temperatura
ligeramente superior a la

ambiente, y se calicnta el aceite
hasta unos 80°C mediante vapor vivo,
Cuando el contenido tatal de

humedad del aceite es de
aproximadamente un 4 % se procede
a la centrifugacibn y separacibn

det precipitado (68).

El principal inconveniente del
empleo d= vapor es la dificultad de
medicibn y control del porcentaje
adicionado, por lo que muchas
veces se rceccurre al empleo de agua
caliente {1),

El] vapor proporciona un mejor
contacto entre el aogua y las gomas
disueltas, sin embargo también

es necesariaaqul la etapa de
agitacibn mecénica,

Aplicaciones de la lecitina comercial

£E1! uso de ecste subproducto de la
refinacién del aceite de soja ha
aumentado sensiblemente en los
Gitimos tiempos, habiéndose
encontrado cada vez nuevas
aplicaciones al mismo, Sin embargo
se calcula que solamente un 10 a
30 % de tas gomas separadas del
aceite de soja en las extractoras,
salen al mercado en forma de
lecitina comercial, ya que la mayor
parte se mezcla con la harina, pues
si bien las aplicaciones son muy
diversas, los porcentajes de empleo
son bajos,

36 - Inf,

J. Lajara

No obstante la variedad de
aplicaciones exigirfa todo un capftuio
para indicar algo substancial

de las mismas, en cuanto a su razbn,
porcentajes de empleo y efecto

de los mismos por lo que
mencionaremos, de forma general,
las principales aplicaciones,

Su capacidad emulsificadora y su
procedencia natural, la hacen
especialmente apta para la industria
alimenticia, donde se utiliza como
agente dispersante y como

ayudante de mezcla de substancias
grasas y harlpas secas o
ingredientes similares, Se utiliza
también como aditive en margarinas,
chocolate, etc, :

Parece que también los fosfétidos
presentan propiedades antioxidantes -
(de hecho son un antioxidante natural
de los aceites), aunque sobre
este punto no esté aln demasiado
claro si su accibn es liper sell o se
preserita solamente cuando se
encuentran asociados con otros
compuestos del tipo de esteroles o
tocoferoles, por lo quea veces.
se utilizan en pequerias proporciones
para preservar de la oxidacibn
algunas grasas, asf como en
cosméticos y jabones, _
e RN L
Sus propiedades de agentes .
humectantes y dispersantes se
utilizan también industrialmente para
la preparacibn de pinturas, barnices
o tintas,

L os aceites lubrificantes y la
gasolina de plomo también se
benefician, segln los tipos, de las ;.

propledades dispersantes, i

emulsificantes y antioxidantes., " .

i
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Para una informacibn mas amplia
sobre ''usos industriales de los

"~ fosfatidos't conslltese el capltulo

XXVIl, p&gs. 504 a 522 de la obra
de Wittcoff (12) o el trabajo de
D. R, de Castro (12A),

Otros métodos de desgomado

Ademés del agua o el vapor de agua

como agentes desgomantes,

se han propucsio una serie de
reactivos o compuestos qulmicos que
aislados, o en accibn conjunta de
dos o m&s de ellos, producen
efectos similares a los de
hidratacién, a veces més completos
y oiras veces con acciones de
campo mis amplio; que afecta mcluso
a etapas posteriores de refinacibn,

E! fin que se persigue con estos
reactivos especiales es siempre
obtener un desgomado més a fondo
que el que se consigue con el

simple tratamiento por agua, en el
que vimos que el rendimiento nunca
es total, También, en algunos
casos concretos, se intenta producir
una n@ulr‘allzam{m parcial o
definitiva de los aceites, o pr‘ocur‘ar‘
una purificacibn que haga
inmecesaria esta etapa de - ‘
neutr'zllzamén

Pocas veces, por no decir casi
nunca, las gomas precipitadas
mediante reactivos especiales se
utitizan para la fabricacién de
lecitina comercial, E! desgomado es
aqufl més una etapa de refinacién que
de acabado de aceite procedente

de extraccidn, ;

1, - Empleoc de Alcalis - El empleo
de -4lcalis como agentes ‘
desgomantes presupone ya el deseo
de producir, al menos, una )
neutralizacibén parcial del aceite,
Desde el punto de vista de la - .
preparacibn de lecitina no son, en
principio, recomendables, dado que
estos reactivos originan unos
efectos secundarios de purificaciébn
del aceite, de los que los productos
obtenidos acompafan a las gomas
cuando éstas se separan por
centrifugacibn,

a) Hidréxido Ambnico '

Inf, s,

Grasas y Aceites (Abril-Mayo 1970)
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El hidrbéxido aménico ha sido
propuesto por Clayton (32), (33) como
agente desgomante y neutratizante,
L.as gomas separadas por este
procedimiento han de someterse a
tratamiento para eliminar el
amonflaco retenido, y

eventualmente recuperarlo y
reutilizarlo, Este sistema, del que
Mattikow (49) da una resefa de una
planta en proceso, responde al
Esquema general de pég,

En Ifneas generales, el aceite se
trata con hidréxido ambnico
(solucibn de amonfaco en agua) para
separar las gomas y al menos una
parte de los 4cidos grasos libres del
aceite, Cuando la acidez de é&ste

es pequefa, la proporcibén de
hidrbéxido ambnico que se adiciona
responde astequimétricamente a la
cantidad precisa para neutralizar
los &cidos grasos libres, pero en el
caso de acideces mayores, {a
proporcibn de reactivo es menor de
la necesama para la neutrallzacrén
total

Producida la precipitacibn de las
gomas, la fase pesada que se
descarga en la centr{fuga contienen
substancialmente todo el amonfaca
introducido originalmente en el
sistema, en forma de gomas "
amomacales y jabones ambnicos, asf
como el exceso de amonfaco acuoco
empleado, conteniendo aproximada
aproximadamente un 50 % de agua,
Con el fin de favorecer la
recuperacibén del amonfaco, las
gomas separadas se diluyen con
aproximadamente su peso en agua, y
se vaporiza el reactivo en un
recipiente adecuado, calentando la
fase acuosa hasta el punto de
ebullicibén de la solucién amonfaco/
agua a la presibn del sistema,

Uha etapa posterior de agotamiento -
en reactivo seguida de secado,
completa el ciclo de las gomas,

El aceite separado, libre de gomas
y de parte de &cidos grasos,
contiene una pequefa proporcibn de
agua y con ella algo de hidréxido
ambnico. Si el aceite se va a volver
a refinar no resulta econbmico
recuperar la pequefa cantidad de

- 37
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hidréxido ambnico que contiene,
aunque si se desea se puede someter
a una etapa de agotamiento del

tipo de ta empleada con las gomas,

L.a concentracibn det hidréxido
ambnico empleado puade variar
desde 1,5 % a la concentracibn

29 %), aunque los
valores preferidos parecen

estar entrc 3 y 10 %, procurando
con ello que no haya abundante
liberaci6n de vapores al centrifugar
a unos 60-65°C, ~

La adicibn y mezcla del reactivo se
lleva a cabo a unos &0-95°C cuando
hay etapa posterior de
refrigeracibn, y en otro caso a
65°C o méximo B0°C,

L.a cantidad de reactivo varfa de 1 a
3,5 % en peso.de aceite y la
cantidad de agua de dilucibén de
pastas de 1 a 3 veces el peso de la
fase pesada separada en la
centr[fuga,

Segln datos de la patente, aceite de
soja de 0,5 % A, G.L.. se traté con
1,5 % de una solucibn de hidréxido
aménlco al 3,6 %. EIl aceite se
calentd a 65°C y la mezcla a 80°C,
Después de la centrifugacibn, la
fase acuosa de gomas contenfa, en
base seca, 16,7 % de aceite
arrastrado,

b) Hidrbéxido sbédico
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El efecto de la soda calstica, segln
las concentraciones de empleo,
sobre las gomas de los aceates
mAs completo que el cons eguldo
por la simple hidratacibn, a la vez
que su accibn neutralxzante _
conduce a una mayor purificacién
de los aceites crudos, For este
motivo se someten muchas veces los
aceites a neutralizacidn dlr‘ectd

sin etapa previa de desgomado,
principalmente en aquelios casos en
que el porcentaje de gomas es ¢

-es

‘reducido o medianamente reducido,

Sin embargo los aceites crudos
tratados de esta forma originan
pastas en las que los fosfbtidos han
sido atacados y parcialmente
descompuestos,‘ por lo que el
tratamiento de las mismas, con
abundantes cantidades de &cido-
sulfGrido, no se utilizan més que
para la recuperacibn de Acidos
grasos de baja calidad y nunca como
materia prima para la fabricacibn |,
de lecitina comercial,

. En la refinacibn de aceites con soda

caGstica, antes de que concluya .
la reaccibén de neutralizacibn, -
comienzan a ser descompuestos jos
fosftidos, que son més facilmente -
saponificados que el aceite neutro,
Por este motivo, cuando se

valora la ac1dez de un aceite crudo
se obtienen valores

més altos que para el mismo acelte
una vez desgomado (42),

L
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2.¥ Empleo de Acidos
a) Acido fosférico e

£s el reactivo més empleado como’
agente desgomante, cuando ;
esta etapa precede a la adicibn de la
‘base de neutralizacibn, en los
procesos de refinacibn, sin
separacibn de gomas
independientemente de los jabones,

Se suele adicionar en forma de
solucibn concentrada (aprox. 85 %)
y su porcentaje, en relacibn

al peso de aceite, no suele exceder
del ¢, 1 %. Su accibn '
coagulante y precipitante de las
gomis es mas pronunciada que la del
agua, pero debido a su accibn
qulmica, no se suele emplear si no .
va seguido de la adicibn de un
agente neutralizante, antes de la
centrifugacibn,

Debido a este hecho no se emplea
como agente precipitante de

gomas para la preparacibn de
lecitina, sin embargo se utiliza .
ampliamente para precipitar los
restos de gomas presentes en
aceites previamente desgomados, 0O
incluso crudos, antes de la adicibn
de soda calstica, con el fin de
lograr una més completa el imi nacion
de las gomas y reducir la :
absorcibén por éstas, una vez
precipitadas, de! reactivo empleado
en la neutralizacion (menor -
consumo de reactivo) y de aceite
neutro (menores pérdidas).

Parece, ademis, que su empleo
favorece la eliminacién de los
jabones del aceite neutralizado, en
la ctapa de lavado,

El proceso de la Farbenindustrie
(82) citado por Anderson (1) trata del
aceite de soja a 35°C con un 1 %
de Acido fosfbrico de 40-65 % de
concentradién, calentando a con
continuacién la mezcla a 60°C.
Después de afiadir un 0,2 % de agua
y agitar durante unos 10 minutos,
se deja sedimentar la masay se
separa el preciplitado, lavando el
aceite con hidréxido ambnico para
neutralizar los restos de

ficido y precipitar los mucllagos
residuales,

1550

E| fésforo contenido en los &ceites
crudos de linaza se puede

eliminar completamente por
tratamiento con una solucibén de &cido
fosfébrico, siendo interesante

notar que los fosfétidos del aceite de
linaza son los que presentan un
contenido més alto en fitoglicolfpidos,
constituyente aislado y estudiado

por Carter (29).

Sullivan (63) propone la adicibn de
un 0,1-0,4 % de écido

fosférico, hasta formacibn de los
compuestos de adicién,

b) Acido nftrico

Guillaumin y Boulot (39) estudiaron ‘
diferentes técnicas de
desgomado de aceite de
controlando el efecto de dichos
tratamientos por la relacién de ;
fésforo remanente en el aceite antes :
y después del desgomado.

Empleando soluciones dilufdas de
4cido nftrico (5 %) a :
temperatura ambiente, comprobarocn
que un 0,5-20 % del fésforo

original permanece en el aceite en el
caso del aceite de coiza extractado
por disolvente, mientras que,

para el obtenido por prensado este
porcentaje era del 2 %.

Por encima de las velocidades de
agitacibn consideradas medias bhay
redisolucién de gomas {permanecec
un 45 % del fésforo original)
mientras que, a velocidades bajas,
precipitacibn es sensiblemente la
incompleta (71 % de fbsforo
remanente), A dichas velocidades
medias sblo un 27 % del

fésforo original permanece en el
aceite después del desgomado,

Paul (55) sitha este &cido antes que
el clorhldrico o fosfbrico en cuanto a
a su accibn precipitante de gomas,

c) Anhfdrido acético

Hayes y Wolff (40) han descrito un
procedimiento que emplea

anhldrido acético como agente
desgomante, En opinibn de los
autores del trabajo el empleo de
anhldridos requiere, para el mismo

e Acattace (Abril-Mavo 1970) -39
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»fecto de desgomado, menor cantidad
juecla correspondiente al uso

iel &cido del que proceden, a la vez
ue la temperatura de trabajo

;e puede llevar a las proximidades
le los 100°C, L.a lecitina obtenida,
mna vez eliminado ¢l 4cido acético
»or secado de las gomas

wmedas, parece tener las mismas
caracter(sticas que la obtenida

orr el procedimiento habitual, en
-anto que el aceite, libre de

jomas, puede someterse al proceso
le refinacibn sin que, en

»pinibn de los autores, sea
secesaria la ctapa de neutralizaciébn.,

£1 proceso consiste, bisicamente,
2n tratar el aceite crudo con un
9,1 a 1 % de anhfdrido acético,
seguido de agitacibn de la mezcla
durante un tiempo aproximado

de 15 minutos, y posterior adicibn
de un 1,5 % de agua,
aproximadamente, con nueva
agitacién durante unos 30 minutos,
A continuacibn se centrifuga la
mezcla y se separan las gomas,
favandose al aceite desgomado con un
10 % de agua a 60-70°C, para
eliminar el fcido acético retenido,

El sistema es apto para aceites de
soja y manf, aunque en el caso de
algodbn y malz parece que los aceite
aceites obtenidos no se

pudieron decolorar satisfactoriamente
con tierras y carbones, ' '

Myers (52) hace una descripcibn
posterior del método, con
datos de resultados obtenidos,

d) Otros Acidos

Para el desgomado del aceite de
algodbn se han propuesto como
agentes hidratanies soluciones de
4cido bbrico débil (130, 132) o de
4cidos alifbticos polibésicos (120).

El &cido clorhfdrico se ha propuesto
empleando aproximadamente

0,4 % de una solucibn 2Ny
complementando la accibn
precipitante con la adicién de
substancias fibrosas, tales como la
misma harina de extraccibdn o
chscaras de las semillas aceitosas
molidas (1),
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El ‘écido sulfGrico (20), (72) se emplea

principalmente para aceites de
ballena, colza o pescado (1) y casi
siempre con vistas a la preparacién
de aceites de caracter(sticas técnicas
especiales, Su aplicacibén

exige especial cuidado para evitar la
sulfonacibn del aceite al ser
atacados los triglicéridos por el
&cido, lo que origina una coloracibn
rojiza que ya no se puede ‘
eliminar, Por ésto la temperatura, y
en general las condiciones de
operacibén, deben ser cuidadosamente
conducidas,

En todos los pfretratamientos con
&cidos o con productos .
qufmi cos corrosivos en general, es
importante considerar la idoneidad
del equipo disponible para

trabajar con dichos compuestos bajo
las condiciones de operacibn que

se consideren, Aparte del posible
deterioro det equipo por ataque
qufmico, la estabilidad y color del
aceite puede sufrir por la
presencia de sales de hierro, u
otros metales, procedentes del
ataque de los recipientes y las
tuberfas,

3. ~ Reactivos varios, Siendo el agua
la base principal del reactivo

de desgomado, existen diferentes
variantes, El agua acidificada (82) o
con un mayor o menor porcentaje

de sal (60, 131) ha aparecido
repetidas veces en la literatura
técnica, .

Ayres y Clark (23) patentaron un
proceso de desgomado para aceite
de algoddn que emplea una :
dispersibn de almidbn en agua, y
Sims y col, (58), con el fin de
retardar la reversibn del aroma del
aceite de soja refinado, han v
propuesto {a adicidén al agua de
lavado, durante la etapa de
desgomado, de un 0,01 a 0,5 % de
un agente oxidante como dicromato
potésico, permanganato potésico

o Acido nftrico, operando a 50-70°C.
También se encuentran en la
literatura técnica referencias a
reactivos tales como los fosfatos
alcalinos (134), pirofosfatos (136),
hiposulfito sbdico (121), sulfito .

s. Grasas y Aceites (Abril-Mayo 1976), '
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: sibdico‘ {91} y agentes humectantes en
general (90), (117), (119),

4, - Desgomados diversos en cuanto al
modo

a) Desgomado en fase miscela

Entre los procedimientos de
desgomado en fase miscela Sikes (57)
describe el efectuado, en forma
experimental, con aceite de

algodbn, EIl aceite, conteniendo un

8 % de hexano, se envib a la

etapa de desgomado sin pasar por el
acabador, E! desgomado se

realizb mediante adicion de un 2,5 %
de aqua, calentamiento a 49°C
(120°C) y centrifugado, Después de
la etapa de centrifugado, el

accite se bombed al acabador de
extraccibn y seguidamente al

secador para eliminar la humedad,
LLos resultados obienidos parecen ser
comparables a los del proceso
normal, si bien Sikes apunta una
mejora de color, atribuida por &l al
Becho de que las gomas, debido

a la presencia del hexano, absorben -
una buena parte del gosipol
contenido en el aceite, dada ia
mayor solubilidad de éste hexano a
las temperaturas de desgomado, lL.as
gomas, por contrs, resultan, al
parecer, mas diflciles de manejar en
.el laboratorio,

Cavanagh y Bean (31) proponen en el
caso del aceite de soja el
siguiente sistema: Se prepara y
calienta a 65-80°C una miscela de
aceite de soja conteniendo un 25-35 %
de hexano, Se adiciona un 2 9
de agua y el mismo porcentaje de
etanol, y se agita la mezcla hasta
aparicion de precipitado, que se
separa por filtracibdn, Se afade un
1 % de agua y un 2 % de etanol
hasta nuevo precipitado, y luego se
eliminan el agua y los disclve ntes,
bien juntos o por separado, En lugar
de etanol también se puede
emplcar metanol o isopropanol, i
b) Desgomado por adsorcibny
filtracibn

Es sabido que una buena decoloracibn,
con adecuado empleo de tierras,
termina de agotar pequefios
porcentajes de gomas retenidas en el

155¢

aceite después de las etapas de
desgomado y neutralizacibn,

Cuando el aceite es de bajo contenido
en gomas, puede dar buen resultado
una mezcla de uri 1 % de

tierra activada, seguido de la
correspandiente filtracién, antes de
la etapa de neutralizacibn, EI
efecto de las tierras activadas es
parecido, aungque en menor escala,
al de los Acidos que vimos
anteriormente, a cuya accibn se suma
el propio poder de adsorcibény
retencibn de las tierras,

La ventaja en estos casos, ademés de
la accibn desgomante, radica

en la eliminacién de todas las
partfculas sblidas que pueda llevar el
aceite en suspensibn, con la

ventaja que reporta en cuanto a
limpieza de la centrffuga de
neutralizacibn,

Si el tratamiento por tierra es
adecuado, se puede a veces eliminar
la etapa de deg¢oloracibdn y someter
el aceite neutralizado

directamente a la desodorizacién, a
la vez que la recuperacibn de las
pastas de neutralizacibébn conduciré
Acidos grasos ya en parte
decolorados,

Sin embargo, para que este
tratamiento sea Gtil, en lo que al
desgomado se refiere, el porcentaje
de gomas del aceite crudo debe

ser sustancialmente bajo,

c) Otros métodos

De igual forma que la decoloracibn
actGa como separadoray eliminadora
de gomas, también la
desodorizacibén produce, a las altas
temperaturas de operacidn en

que se realiza, la precipitacibn de
las substancias mucilaginosas que
coagulan, por el sblo efecto del
calor, por encima de los 2402C (1),

Sin embargo el tipo de precipitado
que se obtiene, por las anteriores
causas, es diffcil de retener,

por filtracibén engloba mucho aceite
en su masa,

Segln, indica Anderson (1) la accibn
de un campo eléctrico de alta

Inf, s, Grasas y Aceites (Abril-Mayo 1970) - 41



tensién sobre el aceite, puede
conducir a la precipitacibén de los
fosf4tidos, segln los
procedimientos propuestos por
Leimdorfer (104) y Umschuld (133),

Estimacion del contenido en fosf4ti-
dos de un aceite

El ensayo mAs comunmente empleado
para determinar la bondad del
desgomado de un aceite es el
método Gardner modificado, de la
AOCS ("Break Test!t), que
b&sicamente consiste en lo
siguiente: Se homogeiniza la
mezcla, calenténdola durante 5
minutos a 75°C. Se¢ pesan 25 g y se
le affaden 3 gotas de CIH, agitando
bien para facilitar la mezcla,

Se coloca un termbmetro de forma
que el bulbe esté en el centro del
ITquido, sin tocar las paredes,

y se calienta hasta 289°C,

sin agitar y a una velocidad
aproximada de 75/80°C por minuto,
Se enfrfay sec afiadens 50 ml de
cl4C, agitando para disolver el
aceite, Se deja reposar una hora
agitando cada 15 m nutos. Se filtra
en crisol con no menos de

5 porciones de 20 ml de 4G,
rompiendo el vaclo a! final de cada
lavado para asegurar total
eliminacifn del aceite, "A
continuacibn se scca el crisol a
105°C hasta peso constante:

Rotura (Break) % = Peso del residuo x
x 4

El contenido en fosfétidos
correspondiente al precipitado

ob tenido con este ensayo suele ser
de aproximadamente el dobtle

del valor del hbreak'! obtenido,

McGuire y col, (50) encontraron que
la reducciébn del contenido en
nitrégeno es una indicaciébn de la
eficacia del desgomado, Segln indica
Bauer (24) el contenido en nitrbgeno
de los aceites de soja extractados
por disolvente puede variar entre
0,019 y 0,026 % micntras que

en los obtenidos por prensado los
porcentajes se encuentran entre
0,019 y 0,023 %.

Dado que el fésforo entra siempre

42 - : inf, s,

en la composicibén de los
fosfitidos, la determinacibn de este
elemento en los aceites refinados
permite estimar el porcentaje
residual de aquellos, Segln
Mattikow (47) la mayorfa de los
aceites vegetales bien refinados
presentan un contenido en fbsforo
comprendido entre 0,00005y 0,0001
%, que equivale a un 0,002 a
0,004 % de fosfétidos,

Sin embargo es arriesgado
establecer relaciones directas entre
porcentaje de fbsforoy

porcentaje de fosfétidos cuando no
existe absoluta certeza sobre

la fuente de origen del fésforo
presente, que puede ser distinta de
los fosfbtidos, ademds de que el
peso molecular de éstos es :
pricticamente imposible de averiguar

(9).

La presencia de f6sforo no Ilpido en
las materias Oleaginosas puede
estar asociado con componentes de
naturaleza diversa, Asl en el

caso del haba de scja, segln Earle
y Milner (79), una variedad que '
contenfa 6,02 miligramos de fésforo

-por gramo de semillas enteras,

mostrd la siguiente distribucibn:

- 4 % como f&sforo inorgénico
- 4 % como &cido nucleico

- 13 % como fosfatido

- 79 % como fitina

(1a fitina - phytin - se ha descrito.
como la sal de'hidrbégeno-calcio-
magnesio, o calcio-magnesio-
potasio, del &cido inositolhexafosfo-
rico o &cido fftico). f '

Segln Lishkevich (111) en los aceite
aceites de semillas por él '
investigados (algodbn, soja, linoy
manf entre otros) sblo un 1,4 a
8,3 % del fésforo presente lo esté -
como fosfhtidos, mientras que de un
52 a 76 % esté como fitina.

Para deducir el contenido en
fosfaitidos de un extracto graso o
un aceite, a partir del contenido
en fbsforo, hace falta un

factor de conversibn, lo que exige
el conocimiento previo del
contenido en fésforo de los

Grasas y Aceltes (Abril-Mayo 1970)



fosfatidos, pero esto, dada la
“cothplejidad de las mezclas de estas
sustanclas, es précticamente
imposible, No obstante y con las
oportunas salvedades, cuando en una
grasa o aceite no existen
compuestos que contengan f6sforo
otros de los fosfbtidos, el contenido
en fésforo es una indicacidon
directa de la cantidad de fosfbtidos
presente (64),

Varios fac ores de conversibn han

' sido propuestos, deducidos por
experimentacibn y siempre

empleando suposiciones y
simplificaciones segln el método
empleado, Segln Jamieson y
McKKinney (43) el factor, basado en

el contenido en fHsforosde algunos
fosfhtidos concretos (como la
esfingomielina), resultarfa ser de 25,

Un factor de 22,7 fue hallado
- experimentalmente por Artomy
Fishman (69}.

Dadas las limitaciones de los
méiodos de anblisis, con sus
fuenies de error insalvables,
cualquiera de estos factores serfan
en principio aceptables.En el

caso del aceite de soja parece
acertado emplear un factor de 30,

"Tnfluencia de los fosfatidos sobre la
calidad del aceite refinado

La presencia de fosfbtidos en un
aceite puede originar, directa o
indirectamente, efectos mds o menos
notables, que muchas veces no
esthn nada claros,

Como agentes emulsificantes,
tavorecen directamente la formacibn
de espuma, lo cual no es de

desear en aceites refinados, al mismo
mismo tiempo que al hacer més

estable la solucibén de aire, favorecen
el contacto del oxlgeno con el

aceite y la absorcibn de humedad.

Kozin y Sitnikova (46) estudiaron la
variacidén del fndice de acidez e
fndice de perbxido durante el
almacenamiento, a diferentes
temperaturas y humedades relativas,
de aceite de girasol al que se

habfa adicionado 0,25, 0,5,y 0,75 %

54
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de fosfltidos, llegando a la
conclusibn
de que los
los fosf4tidos deterioran el aceite
al absorber humedad del aire e
incrementar el porcentaje de agua en
el aceite, a la vez que precipitan,
junto con otras substancias
mucilaginosas, aumentando también
la actividad microorgénica,

" Bollmann (27) y Olcott (54)

atribuyeron a los fosfétidos
propiedades antioxidantes, mientras
que Kochendorfer y Smith (101),
encontraron que los fosfétidos
comerciales de soja purificados,
constitufan unos antioxidantes de
actividad variable, Por otro lado
sblo la colina, entre los :
productos resultantes de la hidrblisis
de los fosfltidos, presenta

alguna actividad antioxidantes, y aln
asl, para ser apreciable, ha de
encontrarse en proporciones
substancialmente altas (35), sin
emgargo al cido fosfbrico se

~atribuye una accibn secuestrante de

los iones de hierro, lo que, dada
su presencia en las moléculas de
fosfbtidos harfa de éstos,
indirectamente, unos antioxidantes
efectivos (36). :

Se ha comprobado que la lecitina
purificada, a partir de fosfétidos de
soja no retarda la oxidacibn. de
ésteres de &cidos grasos de oliva
destilados (95}, ni que es

efectiva como antioxidante frente al
caroteno (96),

Si bien las lecitinas se encontraron
inactivas Olcott y Mattil {118)
haltaron que el efecto de las
cefalinas sobre el aceite de algodbn
refinado parece tener una ligera
accibn antioxidante, que se aprecia
claramente, con las mezclas de
fosf&tidos cuando se acelera la
oxidacibn por perbxidos de

cobalto (81),

Desnuelle (3) indica que las cefalinas,
por su carfcter 4cido, pertenecen

a los antioxidantes &cidos y

é&stos act@ian siempre en conjuncién
con otros compuestos, no mostrando,
cuando estén aislados,

ninguna propiedad antioxidante, ,

inf, s. Grasas y Aceites (Abril-Mayo 1970) - 43




Parece pues acertado suponer que
los efectos antioxidantes
observados en lecitinas y cefalinas,
se deben a la accibn combinada
con otras stancias bien
adicionadas, como écidos cftrico o
ascébrbico (26) o bien presentes

en cl aceite, como ciertos
tocoferoles (114), (128), (137), que
al ir disminuyendo su contenido

en los aceites, a medida que
progresa la refinacibn, hacen menos
aconsejable la presencia de
fosf&tidos en los aceites refinados,
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<Omposition of Lecithin in Parenteral Fat Emulsions

G. FREDERICK LAMBERT, JONATHAN P. MILLER! AND DOUGLAS V. FROST

From the Nubvition Research Department, Abboly Laboratories, North Chicago, Hlinois

ABSTRACT
Aqueans solutions of aleohol-saluhle phosphatide, synthetic lecithin and
purified egg lecithin develep hemolytic and other foxic propertics over a
period of time at ordinary reom temperature, or at an increased rate at 40°C,

The texicity of emulsions made wifl

1 phosphatide as a stabilizer also in-

creases with time. The evidence suggests that hydrolvsis of synthetic leci-

thin proceeds fisst (o give a hemol

Whin lificration of hoth fatty acids from L-alphazdimyristoy] lecithin was

vtic product, presumably lvsolecithin,

compleie and the myiistic acid wis removed, no toxidty was shown by the
aqueous phase, presumubly glyceryl phosphorylcholine. Attempts to de
creare the hydvolysis of lecithin solutions did not succeed. Although the
use of lecithin phosphatide preparstions a. emulsifiers for intravenous fat
may have lnitations as o time and temperatuie of storage, there is no elear
indication from these studies that any real hazard i involved from (he

standpaint of cliuical use.

ETUCH OF 111 WORK on parenteral faf
R/ emulsions has fuvolved the use of
VB lecithin-phosphatide preparations as
“mulion stabilizers (1 4). Tn our carly at-
¥mpts to produce far emulsions suitable for
niravenous feeding, vork was done on 2 new Iy
developed  alcohol-soluble soybean phospha-
tide.” This amworphous material contains about
LN and 320 P and contains predom-
Dantly lecithin rathor than cephatin, The
Prepiration proved norpyrogenic in rabhits by
the U.S.P. test (vol. X1V) and produced no
Pahological effects in tats as measured by the
Mthod of Gever ef al. (3).

Various ins estigators {6 &) have reported
the Shontaneous decornposition of lecithin, in
Vb instances with simultancous development
of hemolysis. This henolytic material is as-
uned to be lysolecithin arising  from  (he
}‘)‘Im]ysis of only one fatty acid from the
ithin melecule. Tests were therefore soughi
19 determine the extent and possible hazards
Wending the hydrolysis of lecithin as used to

folge

-
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stabilize parenteral fat emulsions. Studies of
the stability of crude alcohol-soluble phospha-
tide were supplemented by studies of synthetic
lecithin and highly purified egg lecithin,

The present work shows that the intrave-
nous tolerance of mice to phosphatide solutions
or oil-in-water cmulsions stabilized with phos-
phatide decreases upon standing. However,
because 1oxicity of lecithin develops slowly at
normal temperatures, emulsions containing
lecithin may be made which do not present
unusual hazards. In any case, in view of its
wide use in intravenous emulsions, the spon-
taneous hydrolysis of lecithin appeared (o
present problems which deserved study-

METHODS

Preparation of Emulsions and Solutions. All
emulsions referred to in this paper contained 19
aleohol-soluble phosphatide (unless otherwise speeitied),
o or 15% US.P. corn oil or olive oll, 55 U.S.p.
dextrose and water. The components were premixed by
high speed mechanical stirring and then transferred to
a Chery-Burrel! Junior Viscolizer® which was operated
#t 3,000 psi for 3o minutes. The temperature of the
emulsion during homogenization was kept below 507C,
The finad containers were autoclaved at r21°C for 13
mintutes.

* Cherry Burrell Co., Chicago, 11,
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Taprr 1. TOXICITY DEVELOPMENT IN PHOSPHATIDE-
ETABILIZED EMIULSIONS

1 - . - o
FPasdeity After Stotage at Virious Temperatures

SN
tide, ! o o, 2 mo. 5 o,
R — VAR A
.5 | 4 ¢ satzm! | 3/3at2ml
o.s* 4 o6 at 1 il o/3 ati ml
[T e 6at 1m! g o/t at 1 ml
40 o 6atr o 0.6 at 1 ml
1.0 . 40 «satz ml 5.5 at n.§ ml
' o’s at o.25 ml
1.0% 4 chaty ol o/3y at 1 m!
25 o6 atrml 6/6 at 1 ml
‘ 0,/3 at 0.5 ml
Lo40 | e'Gatuml a/3at o.5ml
1.5 ! 25 afs at 2 mb 3/3at 2 ml
i/sattml
40 cfs at 2 ml at 1 ml
) ! it 0.5 ml
i

Toxicity dxtn ropresent the tatio of mice illed to the numbet
injeeted at piven woamber of 1l 2o g mouse,
* Alsa cortained 150 Domal-sg, ohtained from Emuliot Corp.,

Clicags, 1.

Al lecithin o phosphatide solutions were at con-
centrations of 1C, and were made isotonie with salt or
dextrose.

Mouse Toxicity Test. The acute intravenous
toxicity test in mice was conducted as follows: three o
maore piice, 18 gm, were injerted inthe tail vein with
2 ml of the test solution/20 gm mouse. The injection
wis made inchout 13 seconds and the aninads were
observed for ar least 72 hours thereafter. 3 death
accurted at thee dose the level was progressively
Jowered until a dose was reached that did not cause
death, Usuolly, levels Telow o5 ml were not tested.
oth crntlsions and phesphati-de solutions were tested
for increasing loxicity after storage at 40°C, roomn
temperature sud 4°C.

Qualitative leasurements of Hemolysis. Mowsr
lest (n vivo). Mice which died within 5 minutes after
intravenous injection were decapitated and bled into
595 U.S.P. destiose. This mixture was then centrifuged
and the supernatant fluid was observed for the presence
of hemoglabin, Aice which survived longer than s
minutes aficr injection were kitled.

Doy test (in 1iw). Dogs were injected intravenously
with an aged solution of phosphatide. Following injec:
tion, a blood sample was drawn from the dog and mixed
with 59 dextros. This mixture was then centrifuged
and the supernatant fluid observed for the presence of
hemoglobin, The amount and rate of injection was
comparable 10 that which a human subject might be
expected to receive in the form of a fat emulsion, i. e
20 ml/kg injecier over a period of 1§ hours,

Human blood st (in vitro). A solution of phosphatide
in 59 dextrose ‘stored 3 months at 40°C) was mixed
with hepatinized human blood in the following pro-
portions: o5 1l phosphatide to 2.5 ml of blud and
0.25 1wl phosphatide to 2.5 ml of blood. After standing
5 minutes at rom temperature, the mixtures were
centrifuged end the cupernatant fluid observed for
eviderice of hemnlysis. The first mentioned ratio of

G. . LAMBERT, J. P. MILLER AND D. V. FROST

phosphatide solution to hlood is in the Approyimg,
ratio which might exist in the blood stream fallowiy,,
average injection. We also tested for hemolysis ot
Lalf this level of phosphatide in blood. '

Quantitative (in Vitro) Measurementsy o
Hemolysis. Both dog whole blood and washed ¢
resuspended in isofonic saline were used 10 ey ()
hemolytic effects of emulsions i vitro. Blood wy ("‘
lected using heparin as anticoagulant. To 2.5 miy ¢
blood or suspended cells was added o.5 ml of th ‘,‘L”
sion and the mixture was then incubated at 37°C i,
minutes. To this was added 3 ml isotonic saline i o
cells were centrifuged down, All of the superrata;
cavefully drawn off and the cells were washed wip, )
ml icotonic saline and again spun down. The f-&‘!'L‘i",.A.
tant wus removed and combined with the iy
supernatant. The concentration of iron in the conj
supernatant was determined by the method of \y,
(g) modified for use with an Evelyn photoel
colorinieter, The total volume of combined .,
natauts was calculated by determining by heni, -
the percentage of plasma from a mixture of o5,
blood or saspended eclls and o5 nl of emulsion g,
hated as before. The 1otal iron obtained in the Sy
natant from the samiple of blood or suspended celly g
cmulsion could then e caleulated by multiplying (.
concentration of iron in the combined supernatis i
the total volume of the supernatants.

The value for iron obtained as described abyp,
represents not only the iron released by hemohvy
action of the emulsion, but also @) that small x\mc;up
normally present in plasma, #) any released by homg
vuis cansed not by the emulsion but by mechaniy
handling of the bloml, and ¢} iron presentin the o+
of emulsion added. The total iron for a) and &) v,
determined by repeating the entire procedure but usi;;
only 2.5 m} whole bloud or suspended cells as suitaie
blanks without adding the emulsion, The fron conte:
of o nl cmulsion vas determined by the Wer,
method. The amounts of iron in items a, b and ¢ s
tracted from the total iron indicates the amount o
iron released from hemoglobin of red cells by
hemolytic action of the emulsion. The hemuglobs
cquivalent was then calewlated assuming the in-
content of hemoglobin to be 0.335%. In ornder
caleulate percentage hemolysis the total iron content -4
whale blood or the resuspended cells had to be deter
mineil. Finally, the percentage hemolysis represens
that fraction of total blood iron which was released ¥,
the hemolytic action of the emulsion.

RESULTS

Alcohol-Soluble Lecithin, The acute toxic,
to mice of emulsions stabilized with alenbe-
soluble soybean phosphatide was found to i
crease upon standing (table 1), As seen inth:
table, toxicity developed faster as storage e

‘peratures increased. The phosphatide alone.

isotonic dextrose also hecame toxic more r
idly with increased temperature (table
T'his similar thermal fability of both the EIHE

1552
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TABLE 2. L¥FECT OF VARIOUS TRE VIMENTS ON
TONICITY DEVELOPAUMENT IN AQUEOUS SOLUTIONS 01
ALCOHOY SOLUDNLE VHOSPHATIDE

Tnitial

Treatme nt Toxicity After Starage at 40°C

2 mo. N A1 4 6. 5 mo.
Control 1 3/ 8t 1l
Coutrol 2 of3at2zm! 3/sat 2 .1l
Adjustment
with
NH.OB
to:
pH 6.5 a/zatan] 3/yatznml
ofaatrmli o/3 atzml
pH 6.7 o/3 at 2 mlf 3/3 &t 2 ml

2/5 ata mlr
pi 7.0 o’s at 2 il 3/3 st 2 mby
Cofial 1 ml
(I oy ut 2wl ofyat 2ml x/3at 2ml 1/3at 2 m!
Fthanclam-
inc added
o

pu o 173 at 2mli ofy at 2wl 3/3at 2 mli
ru 8.0 o/3at zn 3/3at 2 m! I
o/3 at 1 ml ;
Amberlite [
IR-4H* :
resin
added (o
iR NS 3f3at il
Methyi glu-
amine
added ta: i
PH 7.0 33 et nall
Buffered ;
with phos- i

i
|
i
|
{
!
1
{

i
!
{

Phate to:
pH 7.5 o/3at 2l of3yat 2 ml o/yataml 2/3at 2l
pu 6., ofs at 2l 2/5at 2 ml 3/ 3 at 2 ml\

o/ at v mil of3 at 1 ml
hdrosena- i
tom of |
Phosphs. - !
tide 3/rat 1l

i

i
- - [P ‘ L. -
 Toxiciiy data represent the ratio «f mice killed to the numher
jected at given number of w20 pm mouse. All phosphatide
ehotong were made isotenic with dostrose or salt and contained
U phosphatide, Al fresbly-prepared emulsions killed no mice at
LRaTH

" Obtained from Rolini & Haas Co. Philadelplia, P

fier and the complete emul-ion suggests that all
or part of the toxicity shown by the emulsions
was due Lo changes in the phosphatide. This
dies not, of course, exclude the possibility of
uther chemical or physical changes in emulsions
which may lhave untoward physiological ef-
fecis,

An increase in titratable acidity in the
Phosphatide solution, about o.4 mIiy of acid:
gm of phosphatide, occurred on storage for 1

“month at 40°C. Increascd loxicity to mice
developed. There was also 4 consistent drop in

piin the unbuffered solution. Such changes
would be expected to accompany hydrolysis
of the phosphatide.

An cther extract of an aged phosphatide
solution yielded a highly aadic residue upon
removal of the ether. The neutralization equiv-
alent of the residue was considerably higher
than the theoretical value of fatty acids ex-
pected from lecithin, Despite repeated  at-
tempts at purification of this residue the nature
of the acidic groups remains unidentified.

Aged solutions of alcohel-soluble phospha-
tide: caused hemolysis of mouse and dog blood
in viro and human blood in wifre. Treshly-
prepared solutions did not exhibit such prop-
ertics. These solutivns became  hemolytic,
however, within 3 months storage at 40°C.
Appreciable laking of human blood occurred in
the presence of only onc-half the amount of
phosphatide that might reasonably be injected
(see METHODS).

A solution of phosphatide that had been
stored 3 months at 40°C was injected into a dog
at a dose of 20 ml/kg for a period of 5 days.
During the first 4 days, this solution was in-
jected over a period of 13 hours, while on the
last day the rate was doubled. There was no
significant change either in red cell count or
hemoplobin content (Hellige Hemometer) of
the blood despite the fact that the injections
caused considerable hemolysis (qualitative in
wivo lests). After g months storage at 40°C, this
same  solution was lethal to mice at o.75
ml; 20 gm mouse or, by projection, 37.5 ml kg,
We then injected the same dog as previously
mentioncd at a dose of 37.5 mlskg over a
period of 13 hours. Although no overt symp-
toms of toxicity resulted from this injection,
qualitative tests showed that in vive hemolysis
had occurred.

Blood samples drawn following the injection
of aged ledithin fut emulsions are sufficiently
turbid to completely mask any visual in vivo
hemolysis which may occur. Thus én wive
studies are not revealing. Quantitative in
vitro studies with dog blood on the comparative
hemolytic properties of fresh and aged phos-
phatide fat emulsions are summarized in table
3. Aged emulsions are clearly more hemolytic
in vitro to dog blood than freshly prepared ones.
Circulating blood apparently offers consider-
able protection against the hemolytic agents

15
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Tapver 3. CHANGE OF IN VITRO HEMOLYTIC ACTIVITY
OF PHOSPHATIDE-STABIL - ED EMULSION WITH AGL

1 Whole Piond { Washed Cetls

Sterage f Heraopl "
. i . oo .
!}I;'.‘l‘f’i}:“},”” Hemolyris|  bin 'Hemolysis
eleas released ’
gmSroom! ‘ ¢, g, o m[j o
Fresh 0.02; J .15 | o135 | 0.77
6 mo. at 23°C | o.5: 2.9 | I 1oo
2. ! )’ 100
I

6 mo. at 40°C | o.45 5

Foulsion contained 1¢' - olive ¢, 11 ¢ phosphiatide,
576 USSP doxtiose and o¢0 water. Dog blood vas
uscd.

produced in aged phosphatide emulsions. This
is shown Ly (he fact that complete hemolysis
occurs only when washed red cells are incu-
bated with the aged omulsions. We may note
also that an aged phosphatidle solution which
was lethal tntrovenoushy in mice at 1 ml 20 gm
body weight cirused no deaths in mice when
injected mtraperitoneally at 4 ml7 20 pm.

Fresh and old phosphatide solutions were
analyzed for choline by the Nationa! Formu-
lary Method (10) and for phosphorus by the
methal of Fiske and Subbarow (11). Both
wethods were modified 1o avoid the hydrelysis
step so that only the free choline and phos-
phorus were  determined, Tdentical  trace
amounts of free choline and phosphate were
found in each. 'Phiv is 0 agreement with the
work of Baer and Kases (12) showing that
alkaline hydrolysis of svnthetic alpha-lecithin
primarily yields free Ty acids and pyleeryl-
phasphoryl choline.

Virious attermpts were made to eliminate or
retard the development of toxicity in aqueous
solutions of the phosphatide. Solwiions were
auvtoclaved at 121°C for r3 minutes and stored
at 40°C for observation. These solutions were
made isotonie with either dextrose or Na(l at
the time of preparation or were made isotonic
with dextrose inmediately before injection.

None of the following procedures prevented
the eventual developmert of toxicity: adjust-
ment to neutral pu, buffering at neutral pu, or
hydrogenation of phosphatide using Raney-
nickel catalyst. The results of these ex-
periments are showu in table 2. We have
found that neither evacuation of wir in the
headspace of the bottle nor the addition of
0.02%¢ socdium hydrosultiie and 0.1% cysteine

-

hydrochloride will prevent toxicity develoy,
ment in phosphatide solutions.

Synthetic Lecithin. Samples of synthetic
alpha-dimyristoy]l lecithin - and  L-alpha.q;.
stearoyl Jecithin were obtained through
courtesy of Dr. Erich Baer (13). A 1% soluriy,
of the distearoyl lecithin was originally .,
toxic at 2 ml ‘zo gm mouse. After standing j,,
3 months at 40°C, it became toxic and heg,,.
Iytic (1 of 3 mice fatal at 1l 20 gm), A |,
solution of the dimyristoy] lecithin was 1y,
toxic befure autoclaving at 2 ml 20 gm Mmos,.
After autoclaving, this solution became Lo,
and hemolytic (3 of 3 mice fatal at 1 mi/ 20 1y,
After standing 5 months at 40°C, crystaliine
maleriel preapitated out of the solutio;
v-alpha-dimyristoyl lecithin, The yield fron, N
nil waso.257 gmof crystals melting at 53-54 ¢
The theoretical yield and melting poin
myristic acid were 0236 gmoand 54°C, Ty,
mixed melting point with authentic myrig,
acid was 53-547C. The filtrate, theoretically
containing only glycerylphosphoryl cholipe.
was Lested intravenously in mice and found "
be non-toxic at 2 ml/20 gm mouse as expecteq

Purified Egg Lecithin, A sample of highl,
purified egg lecithin was kindly furnished far
this study by Dr. Mary Panghorn (14). A ¢
solution of this material in isotonic saline
provedinitially non-toxic inmiceat 2 ml/20 ay
mousc. After standing 2 months at 40°C, this
solution was lethal at 1 ml/20 gm mouse and
extremely hemolytic at this dose.

After standing for 8 months at 40°C, crystak
precipitated out of 75 ml of the egg lecithin
solution. These crystals were filtered off,
washed with water and dried to yield o0.233 gm.
The neutralization equivalent of these crystals
was found to average 284, the equivalent 1o
stearic acid. Assuming that the lecithin i
distearoyl Jecithin, complete hydrolysis would
yield 0.534 gm of stearic acid. Using this figure.
we estimate that the solution was at least 43
hydrolyzed in 8 months at 40°C.

Nature of the Toxicity. The cause of death
following injection of aged alcohol-soluble
phosphatide solutions is not clear. In man
cases, severe toxicily was recorded befun
henolysis became noticeable. Aged solutions«
phosphatide cause an extreme cardiac depre-
sion on the ventricle of the isolated rabbi:
heart. Distilled water itself did not kill mi:
when injected intravenously at 1.5 ml/ 20 gni
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but did cause severe hemolysis, 1n contras,
aged solutions of alcohol-soluble phasphiatide,
which were lethal at o ml 20 gim in mice,
mpeared to cause little or no hemolysis of red
vells by qualitative tegts,

The tovicity muy in part be due to fatty
acids liberated froiw the lecithin molecue upen
hydrolysis. Individaal fatty acids were emulsi-
fed in the presence of peutral fat and found (o
be loxic intravencasly to mice in relatively
small doses. Howex er, the relation of fatty acid
wxicity e the toxicity of aged phosphatide
preparations is not lear,

DISCUSKION

Work both with aqueons phosphatide solu-
tons and with phosphatide stabilized fat emul-
sions has clearly <hown that hydrolysis can
weanr Lo yield toxic products, Although we have
ol established the natwre of all of these
degradation products, there is indirect evidence
that forsmation of Iy olecithin is involved. It i
of interest to vote that toxicity of synthetic
Lalpha-lecithin increased much more rapidly
tan that of purificd lecithin from eyg yolk,
“hich in turn appeared 0 increase mor
fupidly than the tosdcity of commercial alco.
hol-soluble lecithin, @ relatively crude material,
the reason for this ¢ fference 15 not clear,

The intravenous niouse toxicity test used to
Yteen hoth emulsifiers and fat emulsions s
hitrary, and may or may not have corre-
Ponding significance for other species. The
ngie procedure used in this test is similar to
M used in oflicial tosts for toxicity of certain
“tibiotics (15). On equivilent body weight
M8R, an injection of » il 2o gm mouse cquals
529 mlin o go-ky humen, The injection is
Made in a matter of seconds, Thus the test is
"Rorous as regards its effects on tluid halance
©vell as such effects as Lemolysis of blood
wils ang depression of blood pressure. A
Ymewhat similar tese has been used exten-
Svely in these laboralories s a check on the
"ontoxicity of intravenous protein hydrolv-
¥uws In general, the Lbg of isotonic protein
h)“il‘(J])fszltcs is somewhat Iess than 2 ml 20 gm
Mouse whereas the 10 for isotonic dextrose
nd saline is somewha higher,

Creditor (16) has found that fat emulsions
Sabilized with soybean phosphatides) cause
Mresed mechanical fragility of dog and
Uman red blood cells It s possible that, in
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part, both the in vive and in vitro hemolysis
observed by us is due to such fragility. Thus,
the red cells may have been ruptured by the
mechanical stress put upon them during the
drawing of the blood for the in viro test and
during the handling of the blood for the in
vitro test. The fact remains, however, that as
solutions or emulsions containing phosphatide
become older their capacity to induce mechan
ical fragility or actual in wre hemalysis of
erythroeytes does increase. It is significant in
this regard to note that not all emulsions cause
increased hemolysis (as measured by our tests)
as they become older. For example, a freshly-
prepared emulsion containing 10% olive oil,
0.5% Tween 6o, 5% U.S.P. dextrose, and
84.5% water produced in riro | cmolysis
amounting to 1.3% with whole dog bload. ‘I'he
same emulsion after g months storage at room
temperature produced only 1.1% hemolysis,

There is lttle doubt that freshly made phos-
phatide emulsions may be used safely, as
demonstrated by many clinical studies, Our
date sugpest, however, that injection of aged
preparations may be hazardous. Some evidence
of toxicity appeared in our studies before the
various  phosphatide preparations  became
frankly hemolytic. Thus a test for the Iytic
cffect of any sample just prior o use might not
sufltice to show natant texicity. As measured by
the mouse toxicity test, there is evidence () i
the rate of phosphatide hydrolysis is not en-
tirely predictable. Different lots of alcohol-
soluble phospliatide may act differently. Al-
though the need is a clear one, we have not as
yet been able to devise a satisfactory dating
test for the safety of ayed preparations.

On the positive side one may point to the
excellent emulsifying properties of lecithin,
also its apparent stability even through sterili-
zation hy autoclaving, Lecithin has the further
great advantage that it is a physiologic emulsi-
fying agent, contributing important nutritive
value of its own. Tt should be made clear that
we have no evidence that toxicity develops
with all phosphatide or lecithin solutions, nor
can we conclude that the reactions cannot bLe
prevented.

The synthesis of pure L-alpha-lecithins by
Baer and Kates (12, 13) provided a milestone

* Polyoxyethvlene  sorbitan Atlas

Powder Co., Wilmington, Del.

monostearate,
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in the chemistry of the phosphatides, Inclusion
in our studies of various svnthetic phosphatides
from Dr. Baer, topether with the highly puri-
fied cgg phosphatide from Dr. Pangborn,
enhances the generad significance of the results,
Nevertheless it should be clear that crude phos-
phatides may act differently as to rate of hy-
drolysis, particularty when used as an integral
part of a fat emulsion.

The authors are ndebted to Dr. Lo W, Roth, Dr,
L. R, Overby and M. ML Fredfeldes for their interest
and technical assietanc. in certain phases of this investi-
gation,
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STUDIES ON THE ANTIH/EMOLYTIC PROPERTIES OF
LECITHIN AND CHOLESTEROL. By Jur-Smuax Lexn!?
and Curao Fsar, From Department of Physiology, College of
Medicine, INational Central University, Chengtu, China,

{ Received for publication, Tth November 1841.)

Ix the previous 1eport [Trai and Lee, 1941] we have shown that the
sntihamolytic function of the plasma is largely due to cholesterol.
But since the antihmisolytie wetivity of cholesterol in the plasma as
indirectly calculated can only account for about 40 per cent. of that
of the whole fresh plasma, we were led to assuiie the existence of some
other antiluemolytic substances or of some reinforcing factors acting
on the antilizemoly tie system of the plasma.  In an attempt to elucidate
this intricate problem we thought it more feasible to begin with an
fivestipation on the vaerious interacting factors in a simple artificial
syslem containing ¢ oll-hemolysin-antihzmolysin, - Until inore is learncd
mgarding the antihaemolytic properties of cholesterol in such a simple
medivm it is not advisable to attenapt to anulyse the antihmmolytic
vechanism of o Lighly complex system such as the plasma.  We have
incidentally observad that Jecithin is heemolytic itself, but may beecome
antihiemoly tic whea mixed with saponin.  Since lecithin and cholesterol
are important bluod constituents, their interaction in antih@molytic
Lehaviour should Jeserve our first attention.

Pary 1.——EXPHRIMENTS WITH SAPONIN AS THE LyTic AGENT.

Part I. of the present report deals with experiments on the anti-
hlvmo]ytic properties of lecithin and cholesterol against saponin. In
the course of developing the technique many conditions were found to
b_(‘ influential, and {hese must be carcfully observed during experimenta-
t‘{f’n. It is therefore decmed necessary first to make a brief description
ot them.

MEeTHODS.
Preparation of Aqueous Suspension of Cholesterol.—The oil emulsion
Preparation mentioned in the previous report [Tsai and Lee, 1941] does
Wt fit our present purpose because the oil or emulsifying agent present

1 Fellow of British Boxer Indemnity Fund Administration,
281

1879



282 Lee and Tsai

in the system may influence the haemolytic and/or antihemolytie
action, thus rendering the interpretation of data difficult. Oy the
other hand, an aqueous suspension of pure cholesterol can be prepareq
which yields consistent results, and this was therefore employed in g
our experiments. We found that preliminary solution in alcokol,
followed by addition of water, givesa fine and stable colloidal sus:pensiun;
and that subsequent evaporation of alechol by boiling does not destyo,
the antiberclytic activity of cholesterol provided the solution is neg
elkaline.  Cur proceduare finally adopted was as follows; Crystalline
cholesterol (F. Merck) was first dissolved in 96 per cent. redistilleg
alechol (20 mg. per 1nl). I'wo ml of the solution was then removed
and mixed with 20 ml. of warm water {about 60° C.). The mixtyre
formed a colloidal suspension.  The alcohol was then evaporaled of
by boiling the mixture over a siall open flaine until the volume had
heer: reduced to -7 ml.  Afteér cooling, the fiusl volume was adjusted
to 50wl by adding distilled water.  The final concentratios of
cholestero! was thus 50 mg. /10 ml. This stock cholesterol suspension
would Leep unchanged for 3 or more days.  Nevertheless, we always
prejared a fresh sample for cach experiment on tho same day.

Juactual experiments only 0-1 ml, of the stock solution of clhiolesterg]
was used for each 8 ml. cell-hawmolyain system so that the coneentration
of choleoterol in the system was only 1-67 mg. /100 ml.  In such dilute
solution its colloidal state as woll a its antihamolytic potency remained
unchanged for a considerable period of time.

Preporeiion of Cell Suspension.—Dog’s erylhrocyles were employed
in «ll the experimenis. Na-citrate was used as an anticoagulant
(5 myp. for each ol blood).  The colls were washed with physiological
saline.  Ovirwashing caused hemolysis; in most cases slight hemolysis
usunily hegon at the fifth or sixth washing, but in some rare cases it
occwred even earlier.  As a rule, the more washings were made the
more liability of tpontanevus hwmolysis.  With low-resistant colls the
results are often unsatisfoctory. Hence our standard method of
preparing ccll suspension was to wash the cells 3 times with 3 volumes
of 0-9 per cent, NaCl each time.  Any sample that showed a truce of
hemolysis during the last washing was discarded. If no hemolysis
took place during this washing, the cells were considered to be suitable,
and were then diluted with bulfered saline to a 50 per cent. suspension
and vsed inuaediately.

Preparation of Saponin and Fecithin Solutions.—The haemolytic
agenl uscd in the present experiment was seponin.  The stock solution
was made to 0-1 per cent. in buffered saline and used within 3 days.
Just before use it was diluted to 0-02 per cent. In most experiments
commercial Y2cithin (purchased several years ago from E. Merck) was
employed hoth as heemolytic and antihemolytic agents. Fresh material
prepared in our own laboratory according to the method described in

1579
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Morse’s Applied Biochemistry was used only occasionally as a check.
In all cases the material was dissolved (to make 0-05 per cent.) in
bullered anline just before use.

Determination of Antihwmolyiic Unit of Cholesterol and Lecithin.—
Unless otherwise specificd, the cell-hemolysin-antihemolysin system
in all experiments were all of total volume of 3 ml., containing 0-1 ml.
(0-05 myg.) cholerterol or Jocithin solution (or 0-1 ml. water in control
sample), 0:06 1l of 50 per cent. cell suspension, and variable amounts
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Fra. L.——Graphs illugteating how tho antihwmolytic potency of cholesterol
is caleulated.  Ior explanation see the text.

of saponin and buffered saline. Saponin and saline were mixed first,
followed by addition of cholesterol or Jecithin. After thorough shaking,
the cell suspension was then added. The mixtures were placed in a
thermostatically controlled water-bath at 37° C. for 30 minutes. They
were then centrifuged, and the degree of hemolysis was determined by
matching the test samples with the standards made from the same
source of cell suspension. The antihemolytic potency of 0-05 mg. of
levithin or cholesterol in the 3 ml. system was expressed in terms of
micrograms (ug., or y) of saponin inactivated by them. Fig. 1illustrates
our mothod of caleulation. 'The control curve shows that to hamolyse
50 per cont. of the cells in the 3 ml volume requires 815 pg. of saponin.
This quantity of saponin represents the cell resistance in pg. When
0-05 mg. of cholesterol is present in the system, the resultant curve
shifly to the right side, showing 103:5 pg. saponin are now required
fur the production of 50 per cent. hemolysis.  The difference in the
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quantity of sa])mun at the level of 50 per cent. hemolysis is thy,
12 pug., which is taken to represent the amount of saponin inactivatg
by 0-05 mg. cholesterol in 3 ml. That is the measure of the antj.
hemolytic potency of cholesterol. Similar caleulation is applied {q
lecithin ‘

Cell Concentrafion.—'The amount of saponin required for 50 per
cent. hannolysis increases with increasing concentration of the celly,
Hov-ever, as is shown in fig. 2, the relation of these two variables js

.
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Fig. 2.-— Relation of the amount of saponin l'oqnircd for 50 per cent. hemolysis
to cell coneontration.

not lincar. The milder degree of hemolysis in higher cell concentrations
may be duc to the reduction of saponin concentration as a consequence
of its greator dispersion or inactivation over a larger surface area of
the cells. At any rate, for qu(mt}tatwe work cell concentration must
Le kept cunstant and uniform in different samples throughout all
experiments,

LESULTS.

Hamolytic and Antihemolytic Action of Lecithin.~~Lecithin is an auto-
oxidizable and unstable substance. Consequently the results obtained
vary somcwhat with different samples of material. In general it is
('ll\VdVS hamolytic when present alone with the red blood-cells, regardless
of whether the sample of material is fresh or old. However, the
hamolytic potency increases with the age of the sample. This i3
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"

illustrated by the data in Table 1., where, in column 4, larger numerical
values signify lower hiemolytic potency and vice versa. When it is

mix
depending

With fresh material its predominant action is still haemolytic, whereas
with 0ld commercial preparation it is now j

ed with saponin it may remain bamolytic or become antibemolytie,
- upon the freshness of the material as well as its concentration.

yre-eminently antihemolytic.

This js illustizted by the data given in the last column of Table I.

]

Taus L-—Tis Frreer oF Ace ON THE ACIIVITY OF LECITHIN.

Yccithin, pg. .
Saranles Date of Dite of required for mszﬁzﬁi’; d
apres. preparation. experiment. 50 per cent. y ’
hanolysis. e
1 Commereial Jan. 14, 1841 1920 5
2 Cormiercial xfar. 6, 1941 1800 b
3 Cormmnercial July 4, 1041 320 0
| 4 July 14, 1941 | July 16, 1841 750 (-)*9

* 'The neyaiive sign ((—) in this and following tables signifies hamolytic. For

the derivation of hamolytic valuas eo Part 1I.

1007¢ oy

Saponia alone 3.3 mg. ficorl . ’,’
bo . I’
g ot (—{c;
N 2.
.2 7!,
"L) 40T Zcifhia
g
¢ o
3 ool
A 1 A A 1 A

A
¢] 12 b 36 LB [22¢] T2
Lecithin conceatralion mg- /lOOm]

¥rg. 8. Relation of lecithin concentration in saponin solution to degree of

homolysis,  The reduction of hamolysis at first  increases with inereasing

concentretons up to a maxiraum and then gradually deereases as the lecithin

content beromes higher and higher, unti} finally above a certain level no reduction

of hasmoly=is occurs.  The dotted line is an extrapolation based upon the data
frum other experiments.

The antihzmolytic power of lecithin, when present, is rather weak,
for it could never prevent hemolysis completely, no matter what
Strength of it was used.  When the concentration of saponin is fixed,
the wntihaemolytic potency of lecithin increases with its concentration

1579
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up to a certain maximum and then declines; it becomes haemolytie

again, when it is present in excess. This is shown in fig. 3. The
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extrapolztion (dotted line) of the curve has been verified by a number

of experiments and its validity cannot be doubted.
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The optimal antiheemolytic power of lecithin varies not only with
its own concentration, but also with that of the saponin.  As illustrated
by fig. 4, the optimal lecithin concentration for antihemolytic activity
increases rapidly with saponin concentration and soon reaches a
maxinmum. With still higher saponin concentration the optimal
lecithin content should be corregpondingly increased. Nevertheless,
the ratio of optimal concentration of these two substances is not
constunt; it increases up to a maximum and then declines (fig. 5).

Jombined Action of Lecithin and Cholesterol against Sapowin.-—
When hoth lecithinn and cholesterol are present in the cell-saponin
systera reinforcement of antihmmolytic power is always obhscrved
regardless of the conditions of the material. 1t is greatest with fresh

Pante 11— Compingn Acrion oF LECITHIN ANRD CHOLESTEROL.

Saponin inactivated
Cholesterol ulono. Leeithin alonc., by (‘ho}osgorol Incroased
4 lecithin. inactiva-
o Seponin | gvoant | Seponin B Jton of
]-nn;m’"ll | inacti- ;n”éo::ll ’ inacti- | Caleulated,] Found, oF : ’
m«lvn " viated, s " vated, HE. ug. HE-
152 & -
0-05 1 12 0-05 b 17 101 84
| oous |12 0-20 33 45 287 242
} 005 | 12 0-5¢ 83 95 317 222
. — —— 1_, —— e it e e .

samples and becomes weaker if the material has been exposed to air
for some days. A summary of one typical experiment is given in
Table TI. 11 is seen that the antihwmolytic potency of these two
substances when acting togother is increased approximately 3 to 10
times. Thisx reinforcement does not appear to rest upon the anti-
hamolytic setion of lecithin and may involve an independent
mechanism, because it oceurs even in a concentration which would have
been hasmolytic but for the presence of cholesterol. This is illustrated
by the data from another sample presented in Table 111, In other
words, the reinforcing action of lecithin on cholesterol must be due to
another mechanism independently of its antihemolytic activity.

It is of interest to note that the degree of reinforcement varies

. Ieeithin - . . .
with the — - - ratio in a given range of saponin concentration.
chelesterol '

As shown in fig. 6, which is plotted from the data in Table 1I., the
optimal ratio secms to lie round 4 or thereabout. But this optimal
ratio only applies to the range of saponin concentration of 3-3-10-6 mg.

, L
per cent. With an alteration of saponin concentration the optimal ¢
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Tarry II--Tur REINFORCING AcTION OF LECITHIN O8N (CHOLESTEROL,

Naponin inactivated
Cholestorol alone. Locithin alone. l));(i]it‘)_lﬁt‘ﬂ“-'] Incrensed
“lecithun. inactiva.
e - ’ tion of
Saponin ¢ Sapouin -
ir?]:];(;,(:lm nacti- .A"‘;O“"]‘t | equiva- | Caleulated,] Found, Snp:):lm,
g ; vated, o 1'1‘7“ B lent, 1. e, 1e:
> rg. ne ne-
0-05 12 005 0 12 160 148
005 12 0-10 ‘ (-)8 4 194 140
0-05 12 020 | (-)¥ 4 180 176
0-05 12 0-50 strongly strongly 90 > 00
{ heemolytic  hemolytic
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Fia. 8.--Tho relation of ¢ ratio to the degree of reinforcement of cholesterol
action by lecithin, which is expressed in terms of an increase of the amount of
soponin innctivated,

ratio also changes. The relation of these two factors has been studied
in another experiment, the results of which are graphically represented
in fig. 7. It is observed that the optimal ratio increases with saponin
concentration, but the rate of inerease is negatively accclerated.
Cholezterol is a hydrophobic colloid, while lecithin is a hydrophilic
colloid; the former solution is known to be stabilized by the latter.
It is quite possible that the reinforcement of antihemolytic strength
of cholesterol by lecithin may be due to this stabilizing effect. To
test this hypothesis, experiments were carried out in which lecithin
and cholesterol mixtures with and without saponin were allowed to
incubate at 29° C. Table 1V. contains the records of one of these
experiments. When the threc substances lecithin, cholesterol, and
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saponin were incubated for 80 minutes {5), the antihemolytic potency
wag higher than when incubated only for 10 minutes (3).  This is not so
il only Jecithin and cholesterol without saponin (4) are incubated for
similar length of time, indicating that reinforcement of cholesterol

60l '
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F16. 7.~ The relation of optimal {: ratio for antihsinolytic reinforcement to
the concentration of saponin,

Taprk IV. -RexForcEMENT oF CIIOLESTEROL BY LICITHIN,

i Time of Antihwmolytic
! Substances. incubation, potency in saponin
. minutes. inactivated, ug.
- - ___
' (1) Saponin alone . . . .. 0

(2) Saponin 4 cholesterol . . . 10 12

(3) Lecithin +cholesterol +saponin . 10 125

vy - 70, then saponin

(4) Lecithin +cholesterol. added, farther 10 102
i {5) Lecithin +cholesterol +saponin . 80 165

action by lecithin takes place only in the presence of saponin. It is
therefore very unlikely that the stabilizing action of lecithin can be
the contributory factor in the reinforcement of cholesterol. Further-
ore, ag shown in the next section, lecithin is hamolytic in the presence
of cholestero! alone.

The Interaction of Lecithin and Cholesterol in a Lysin-free System.—
_Ill the preceding sections we have demonstrated that lecithin itself
5 hamolytic and may remain hwemolytic or become antihaomolytice
I the presence of saponin. It remains interesting to see whether the
&ntihwmolytic efiect of lecithin still occurs in the absence of saponin,
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For the settlement of this point experiments were carried out in whic,
saponin was omitted in the hemolysin-antihzemolysin system—that js
lecithin wax used as the hamolytic agent and cholesterol as the anti.
hemolytic. In these cases lecithin remains haxzmolytic and may J,
inhibited by cholesterol.

Discussiox.

Levin [1935] has shown that pure fresh lecithin is antihemolytic
whereas old commercial preparations are hamolytie, cspecially iy
dilute solutions. Although the purity of our materials was not ascer-
tained, our results are consistent, and differ from those of Levin iy
showing that fresh material is predominantly hamolytic, whereas ol4
commercial preparation may be cither haemolytic or antihemolytic, de.
pending upon its age and concentration. As lecithin is an auto-oxidizable
and unstalile substance, variation in its ha@molytic and antihemolyti,
behaviour is to be anticipated. Nevertheless, we shall scek an early
opportunity to repeat the above experiments with the erystalling
substance.

Ponder [1934] has shown that when two lysing are present in tle
system the resultant action toward the cells may be mutual inhibition
or acceleration, Thus, for instance, saponin + digitonin or -+ taurocholate
are inhibitory and saponin +oleate and taurocholate 4 glycocholate are
acceleratory. He postulated thal the resultant action is due to the
interaction of the two substances with cell constituents. The anti-
Lkamolytic action of lecithin against saponin haemolysis reported in the
present cormmunication may be considered similarly as an outcome of
interaction of these twolysins.  As we shall deseribe in the next section,
the behaviour of lecithin toward otber lysins is not invariably anti-
heemolytic.

The most important fact demonstrated in this series of experiments
is the reinforcement of the antibemolytic activity of cholesterol by
lecithin. In our previous paper we have emphasized the importance
of cholesterol in the antihamolytic action of the plasma and realized
the complexity of the mechanism. We have now obtained evidence
which leads to the suggestion that Jecithin may also play an essential
réle in the protection of red blood-cells against the attack of lysins.
One must, however, be aware that lecithin cunnot prevent saponin
haemolysis completely without cholesterol. This indicates that it must
act as an adjuvant of cholesterol in order to protect the cells with
absolute certainty. As to how it hehaves in the living body we do not
know, Until we learn more about the conditions for the manifestation
of reinforcement we must content ourselves without attempting further
postulation and application.
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SUMMARY,

1. Mcthods of preparing a simple artificial cell-hemolysin-anti-
hemolysin system are described, and various influential factors
reported. : ‘

9. Lecithin when allowed to act alonc on the washed dog's red
blood-cells is heemolytic, but may remain hemolytic or become anti-
haemolytiz when saponin is present in the system, depending upon the
freshness of the material and its concentration. With fresh material
the reaction is predominantly hemolytic, whereas with old commercial
preparation it is eminently antihzemolytic, especially in dilute solutions.

3. The antihemolytic activity of cholesterol is reinforced by lecithin
(3-10 times). This reinforcement does not depend upon the anti-
hemolytic action of lecithin, and appears to be controlled by another
mechanizm. 1t is not due to the stabilizing action of lecithin on
cholesterol solution.

4. The extent of reinforcement depends upon the ratio of lecithin_

cholesterol
in & given range of saponin concentration. The ratio increases with
an incresse of saponin coucentration up to a certain maximum and then
declines.

5. Without saponin, lecithin remains hamolytic in the cell-
cholesterol system. '

6. The antihmmolytic behaviour of lecithin toward saponin, and
the reinforcing action on cholesterol, must be attributed to its inter-
action with saponin, because without the latter these actions cannot
veeur,

ParTt [I.—EXPERIMENTS WITH OTHER LYTIC AGENTS.

In this part we desire to communicate some similar experiments
on the antih@molytic action of lecithin and cholesterol against other
Ivtic agents. Lecithin used in this serics of experiments was an old
commercial preparation freshly removed from the stock bottle. The
?11€molysins we have studied were digitonin, crude bile acid, sodium
Wurocholate, sodium glycocholate, oleic acid, and natural hwemolysin.
The procedurc of all the experiments was exactly the same as that
described in Part I, Dog’s citrated plasma or serum was employed as
& natural hemolysin against rabbit’s washed blood-cells. In all other
®Yperiments washed dog cells were used. The antihamolytic activity
of a definite quantity of lecithin and cholesterol (unless otherwise
fpecified it is usually 0-03 mg.) was expressed in terms of micrograms
(1g.) of the lysin inactivated in the 3 ml. system. When lecithin
¥as hamolytic in the presence of another lytic agent its potency was
®Xpressed also in microgram equivalents of that particular lysin, but
to distinguish it from that inactivated a negative sign (-) was added
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in front of the numerical value. For example, in one experiment, it
required 50 pg. of oleic acid in the 3 ml. system to produce 50 per cent.
ha:molysis of the cells when oleic acid was present alone. When thj
lysin was mixed with lecithin it required only 25 pg. oleic acid to cause
the same percentage of hamolysis. Hence the hemolytic strength of
lecithin in this particular case was equivalent to 25 pug. oleic acid,
For convenience we wrote it as (—-) 25,

RusvLrs.

Oleic Acid and Bile Salts.—Table V. gives the results of threc typical
experiments dealing with olcic acid, taurocholate, and glycocholate
respectively. Lecithin appears to behave similarly toward these three

TapLe V.—~Tur Erreer oF CHOLKSTEROL AND LUCITHIN ON OLEICc Acip,
TAurROCHOLATE, AND GLYCOCHOLATE HEMOLYSIS.

[ Lysin equivalent or |
inactivated. '
1
- o f
Found, Calculated, |
He. HE.
(1) Oleic alone . . . . . . . 0
(2) Oleic acid +Jecithin (0-1 mg.). . . . (-) 26 .. ‘
(3) Olvie ecid +cholesterol . . . . . 32 ..
(4) Oleic acid + lecithin (0-1 mg.) 4 cholesterol . 25 7
(}) Na-taurocholate alone . . . . . 0
(2) Na-taurocholate +lecithin . . . . (-)160
(3) Na-taurocholate +cholesterol . . . 440 -
(4) Na-taurocholate 4 lecithin + cholestorol . . 370 280
(1) Na-glycocholate alone . . . . . 0
(2) Na-glycocholate +lecithin . . . . (-) 245
(3) Na-glycocholute + cholesterol . . . . 400 e
(4) Na-glycocholate +lecithin +cholesterol . . 180 155

lysins in that it remains hemolytic in all of them, though its hemolytic
power in each lysin system varies to some extent with different samples.
With the presence of cholesterol the reinforcing effect of lecithin was
observed in most cases. Thus, for instance, in the experiment presented
in the first section of Table V. lecithin (01 mg.) has exercised a
hzmolytic action equivalent to (-) 25 pg. oleic acid and cholesterol
an antihzmolytic action equivalent to an inactivation of 32 pg. oleic
acid. If the hemolytic strength of lecithin remains unchanged in the
presence of cholesterol, the sum of lecithin and cholesterol activities
should be an inactivation of 7 pg. oleic acid. Since the observed value
is 25 instead of 7, we assume that the haemolytic action of lecithin is
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reduced by cholesterol or the antibzmolytic power of the latter is
reinforced by the former. Both these explanations are equally valid,
although for the sake of consistency we prefer 1o adopt the latter.
Tle same calculation and interpretation also apply to taurocholate,
glycocholste, and other hawmolysins.

Cruvde Bile Acid Preparation.—This was prepared according to the
mothod deseribed in Mathews' Physiological Chemistry (1930). Its
purity weas not ascertained. But as its action differs from taurocholate
and glveocholate, we thought it worth while to report our observation.

As shown in Table V1., crude bile acid preparation is haemolytic.
The behaviour of lecithin and lecithin + cholesterol toward it is similar

TapLe VI -Tug Brreer oF CHOLESTEROL AND LEciTHIN oN HAMOLYSIS CAUSED
BY Crupy, BirLr Acip AND Mrxrune or TAUROCHOLATE AND GLYCOCHOLATE.

Lysin equivalent or
inactivatod.
Found, Calculatod,
HE- “g.
(1} Crude bile acid alone . . . . . 0
{2) Crude bile acid +lecithin . . . . . 40
(3) Crude bile acid -+ cholesterol . . . . 20 ..
{1) Crude bile acid +lecithin +cholesterol . . 75 60
(1) Taurccholate - glycocholate (1:3) . . . 0
(2) Tuurorholate + glycocholate + locithin. . .1 {~)300
{(3) Teurocholate + glyeocholate +cholesterol . . 500 ..
| (4) Tuurocholate +glycochalate + lecithin +cholesterol 140 200

to that toward saponin, i.. lecithin is antihazmolytic to crude bile
acid and its antihamolytic power in this particular case is greater
than that of cholesterol. Furthermore, when lecithin and cholesterol
are preseut in this lytic system they reinforce each other in anti-
ha molvtic action.

Sinee lecithin is hmmolytic both in taurocholate and glycocholate,
it antiha'molytic action toward crude bile acid must be due either to
the impurity of the preparation or the interaction of taurocholate and
glycocholate. Mo test the latter possibility several experiments were
Perforimed in which taurocholate and glycocholate in a proportion of
1:3 were mixed with lecithin, cholesterol, and lecithin + cholesterol
Tespectively, and their resultant actions were determined as usual,
The resulis from one of such experiments are incorporated in Table VI.
It is olivions that lecithin is hamolytic in taurocholate and glycocholate
Wixture, and it exerts practically no reinforcing action on cholesterol
I such a system. Therefore its antihamolytic behaviour toward crude
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bile acid cannot be ascribed to the interaction of taurocholate ang
glycocholate, and must be due to some other unknown factor.

Digitonin —Digitonin is known to be a strong hwmolytic agent,
The hehaviour of lecithin toward this lysin closely resembles thyy
toward saponin; it is markedly antihamolytic in digitonin and exercises
a strong reinforcing action on cholesterol activity similar to saponin,
This is shown in Table VII.

Taprr V11.-Tar Eyreer or CHOLESTEROL AND LeciTmiy oN DIciTONIN
Ha:monysss,

Digitonin inactivated.
Found, Calculated,
HE- ng.
Digitonin alone . . . . 0
Digitonin + cholesterol . . . 25
Digitonin +leeithin . . . ?ﬁ ..
Digitonin + cliclesterol - lecithin . 200 51
L e I A ]

Natural {lamolysin.—It has long been known since the work of
Bordet that the serum of one animal may hamolyse the washed red
blood-cells of another animal of a different species. We have found
that this type of hamolysis can also be prevented by the plasma of the
latter animal, by lecithin, and by cholestercl. The resistance of rabbit’s

Tapre VI --THE IBrrect or (MOLESTEROL AND LicrrniN on Hamoryrio

SrrumM.
Serum inactivated.*
Kound, Calculated,
pl. #l.
Serum alono . . . . . 0 ‘e
Seruiu -+cholesterel (0-2 mg.) . . 40 -
Serurn -+lecithin (0-2 mg.) . . 40 o
Serum -+ cholesterol +lecithin . 60 80

* The numerical values below are expressed in terms of microlitres of citrated
plasma.

cells against dog’s plasma or serum and the haemolytic power of the
latter vary with different individuals as well as many other conditions.
Speaking generally, hemolysis caused by 1 ml. of dog’s citrated plasma
can be completely prevented by 2 mg. cholesterol or 1:5-2-0 ml. of
rabbit plusma. Lecithin is antihemolytic to dog’s plasma. The
inactivation of the hiewolytic scrum by lecithin, cholesterol, and these
two substances together is shown in Table V111., where the inactivation
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is expressed in terms of microlitres (pl. or c.mm.) of serum. Here we
see no rcinforcement of cholesterol by lecithin.

The hiemolytic activity of the plasma is known to be due to the
internction of amboceptor and complement. Which of these elements
is inactivated by lecithin and which by cholesterol? We shall report our
experiments on this question in a separate communication.

DiscussioN,

Cholesterol is antih@molytfic to all chemical lysing studied. The
significance of this finding should be emphasized. One might at
first think that cholesterol acts on the ccll membrane-so as to
protect it or prevent it from the invasion and attack of various lytic
agents. But our results do not substantiate this hypothesis, for
cholesterol is found to react with the lysins before the addition of the
cells. Tn the second place, the degree of inactivation of different
lysing varies. ‘This is shown in'l'able IX., where the numnerical values

TanLk }X-—INACTIVATION OF Varrous LysiNs ny CHOLESTEROL AT
Roox TEMPERATURYE.

o e i+ e e i o e . — ———

; Amount Amount

‘ required for inactivated Percentages

! 50 per cent. in 3 ml. AP

: h:&l:molynis by 0-05 mg. inactivated.

i in 3 ml, pug. | cholesterol, ug.

" Digitonin . . . 14 25 178
Lecithin . . . . 250 220 88
Uleic acid . . . 45 27 60
Na-glycocholate . . 770 374 49
Nu-tgurocholate . . 880 380 43
Natural heemolysin®, . 260 110 42
Saponin . . . . 90 12 13
Crude Lile acid . . 220 20 9

|

~ ' The numerical values in this row are expressed in terms of microlitres o
“itrated plasma.

were derived from different experiments of a similar nature. Although
they are not strietly comparable, some rough idea may be gained from
these computed data. If cholesterol acts on the cells alone, one should
ot expect such an extreme variation in the degree of inactivation of
Qiffereny; lysins.  We thercfore believe that in many cases an interaction
betwepen cholesterol and the lytic agents must have taken place inde-
Pendently of the cells. If this proves to be true. then the possibility
s chloresterol combines directly with the lysins. It scems unlikely
i can combine with all of these chemically widely different substances.
VOL. XXXI., NO. 41842, 2]
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While its antihemolytic process against different lysins may differ in
each case or in each group of substances, some may be chemical and
some physical. Our experiments to be described in the following paper
appear to verify this assumption.

Lecithin is antihzemolytic toward saponin, digitonin, crude bile
acid, and natural hamolysin, but remains hemolytic in oleic acid,
taurocholate, and glycocholate systems. In the first three substances
of the former group the antibemolytic action of cholesterol ig reinforced
by lecithin; the antibamolytic activity and reinforeing action are most
striking in swponin and digitonin.  In the latter group the reinforce-
ment is comparatively feeble and is manifested only by the reduction
of the hamolytic activity of lecithin., 1n other words, when botl
cholesterol and lecithin are present in a lytic system, the reinforcing
offect oceurs regardless of whether lecithin itsclf is hamolytic or anti-
hemolytic toward that particular lysin originally. This is consistent
with our statement that the reinforcement of cholesterol action hy
lecithin iz independent of the a ntihemolytic mechanism of the latter.

The antilwemolytic action of lecithin toward a number of lysins and
its reinforcing elivet on cholesterol have marked its importance in the
antihamolytic behaviour of the plasma. The antagonistic action of
Jecithin toward hamolytic plasma suggests & likelihood of a similar
function uuder normal condition in the plasma. 1t explains at least in
part why we weie unable in our previous investigation to account for
the antihzemolytic potency of fresh plasma by the activity of cholesterol
alone. We are certain that, hegides lecithin and cholesterol, there are
other substinees and factors that share the antihemolytic activily of
the plasma, and hope that by similar methods of tackling the problem
we may be able to explore the Geld wore thoroughly and throw more

light on the intricate mechanism under congideration.

SUMMARY.

1. Lecithin is heemolytic toward oluic acid, taurocholate, and glyco-
cholate, but antihzemolytic to digitonin, crude bile acid preparation,
and natural hamolysin (dog’s citrated plasma or secrum against rabbit’s
corpuscles).

2. The antihwemolytic behaviour of lecithin toward crude bile acid
is not due to the interaction between taurocholate and glycocholate.

3. "I'he antihemolytic activity of cholesterol is reinforced by lecithin
in all lysin systems except natural hwemolysin, regardless of whether
lecithin is inhibitory or acceleratory tov -ard them in the absence of
cholesterol, The reinforcement is most pronounced in saponin and
digitonin. It is also very evident in crude hile acid and oleic acid.
But it is rather fecble in Na-taurocholate and Na-glycocholate.

Antiliemolytic Properties of Lecithin and Cholesterol 297
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This work was carricd cut as a contribution to the study of the second
or “chemieal,” phase of gastrie sceretion. Tlhe identity of the socrcm:
gogue bodies of the food responsible for the second phase is stili unknown.
The nou-specifie hydrolytic products of the three main classes of foodstufis
can play no importait part: thus the amino neids stimulate gastrie seere-
tion cither weakly, or not st all (1, 2); the fatty acids excite only afier
producing a marked inhibitory action; while the sugars are inactive. ThLe
extractive substances of foods, especially focds of animal origin, do, how-
ever, include bodies of high secretagogue potency, and Krimberg and Kom-
arov (3) have pointed out that among these the nitrogenous bases are
probably of especial imporiance. Camuvbell (see Babkin, 4), whose results
were confirmed by MacIntosh (unpublished), found that j.ljr;z(‘r‘,icnl‘.v the
entire eetivity of fish-muscle extracts could be recovered in the fraction of
the nitrogenous bases.  TFurther f ractionation by the silver-baryta method
showed that the activity was due to the “arginine” and “lysine” fractions
the “purine” and “histidine” fractions being ineffcetive.  Of the knowx;
‘ompounds present, nearly all can be eliminated: thus histamine does not
act f rom the digestive tract except in massive doses; adenosine is destroyed
‘i.m'mg tissue autolysis aud by digestion; while creatine, carnosine, carni-
tl‘n(‘,‘and methylguanidine are too feebly active to be of any mportance.
( holine, on the other hand, is distributed widely in foodstuffs, and posses-
ses \\.'ell-marked physiological activity. It has been shown by Ivy and
;’;‘:zlsbfg r’)c(c; gxtCi??iaStfi‘C,Sf:C.Cmt-io.n on bcin.g ivntrc‘)duced inEoTt}xe digpstive
for. ! e fn ed analysis o'f its :ELCt‘.OI] h;z:% been made. ) .\V e have there-
0 e secresagogs st of o b whether o

15 & account, on the basis
of the choline content of various foods, for any part of the observed secroe-
‘f'f}" Fesponses of the stomach to these foods.

. ii hde(tﬁo%tl of chf)line on the gastric glands is of fl'xrther importanc_:e, since
li(—ipaﬁ .(,)xra fe };co l\nm‘v whether tl.ie secogd phase mvo}.ves the active par-
" Thr; f; etl e ;:e;it‘,l‘c cells. Thxs question has been discussed b?r Bal?kin
i ('xhibit:parzz:“ s ;).IK;C ux‘xdcrt _nhe c<.)n.trol of. the vagus, and cholmle, since
them : Sympathomimetic activity, might be expected to stimulate
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Mernops.  Most of the experiments were carried out on three dogs
equipped with pouches of the stomaeh, as follows:
“P7: female, weight 14 kgm., equipped with a Pavlov pouch (vagal
H tal [ b ~ 1 A

and sympathietie pervation intact) and a gastric fistula.
“H”: foiuale, weight 21 kgm., equipped with a Heidenhain pouch

{=ympathetic innervation only).
“B': male, weight 19 kgm., equipped with a Bickel pouch {(extrinsic
Qenirvation as colnplete as possible withiout severing of L1ood vessels) and
a gastric fistula.
The twe last-named were used in most of the experiments, since their
a i i L] e

At oy

.
P i Ovrovry viryoary sl ooy
W {faetors, oven whoen foud w

de
1

ken by mouth,  When dog “P” was used, test-meals were injected di-

“B” when the test-meal was meat. The animals were all kept in good
health over along peried.  They received o uniform diet of lean beef heart,
oatmeal, milk, and salt.  All experiments were begun in the morning while
the gastrie glands were at rest, water having been previously given ad b,
Experiments were never begun if the resiing secretion exceeded 0.5 ce.
for 30 minutes: the daily secretion of the pouch when no food was given
did net ¢
The test-meals used were minced lean beef in quantities of 300, 500, or
700 prams, unsalted Lutter {100 grams) with 100 ce. water, and white
r

NS I I T O NI PIC PN 3 NP, § S 3
¢l o 10 % ¢, practicany ail muacuas.

bread (250 grams) with 200 ce. water. For comparable experiments the
same lot of minced meat was used, since different lots vary rather widely
in secretagogue potency: control experiments showed that the secretory
effiect of such meat was not changed by & week’s storage in the ice-box.
Choline was given as choline chloride (Merck). The lecithin used was a
purified preparation supplied by the Department of Biochemistry, McGill
University. On the day before each experiment, the animal received the
standard meat meal. Experiments were not performed on successive days.

The pouch secretion was collected in the usual way and measured at half-
hourly or hourly intervals. The volume of visible mucus in the juice was
estimated separately. TFree acidity and total acidity were determined by
titration with Topfer’s reagent and phenolphthalein respectively. Pep-
sin was determined by Nirensiein and Schifi’s (6) modification of Mett’s
method, the digestibility of the coagulated ege-white in the Mett’s tubes
being checked by means of a standard synthetic gastric juice freshly pre-
pared from a commercial pepsin. '

Acute experiments, designed to test more exactly the action of choline
on the peptic eells, were carried cut on dogs anesthetized with a chlora-
losc-urethane (1:10) mixture. Both vagi were cut in the neck, the py-
lorus was tied, a small silver fistula was sewn into the ventral wall of the
stomach, and the stomach was washed out with warm tap-w ifista-
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nine diliydrochloriic (0.1-6.3 1ngm. pux' k;:m.) was njected subcutane-
ously at hulf-hourly er heurly intervals, and gastric juice for aualysi= col-
lected during 15-minute periods, \Hwn a eopious secrction had been
established, choline chloride (5-20 mom. per }xzm ) was &z
nously and the collection of uice continue
determined as above.

REsULTS. L_J(a Q, ch

d\.CL( d intrave-

Acidity and pepsin were

iine z’n]ectc’d mtru"cnously Choiine cliloride (5 to
avenouely during the rest of the gastric
aree animals a scainty fiow of gastrie juice. The
i );::x;, :md containe d muc h mucus.
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tion; the })L]“e vas at first slowed and then became mpxd and shallow, and
there was marked hyperpnea. These efiects passed off within a few min-
utes. Gastric secretion began in about 5 minutes and continued for an
hour and a half. "The magnitude of the sceretory effect may be illustrated
by comparing it with that of the animal’s regular meal on the preceding
day (see table 1); it was of the same order in ull three animals (8 expeii-
mentsinallj.  Conirolinjections of saline produced no sceretion.

Since the secretion produced by choline consists largely of mucus, which
does not drain readily from the pouch, and jurthermore since the gastric
glands at rest hold in their lumina s considerable quantity of pepsin, which
may be washed out in the ferment-free fluid coming from the parietal
cells, it was endeavored to obtain a clearer picture of the effect of choline
on the peptic cells by superiimposing its action on that of histamine, which
stimulates the secretion of water and HCI but not the sceretion of pepsin
Anesthetized dogs were giver histamine subcutancously (0.2 or 0.3 mgm.
per kgm. of the dihydrochloride at half-hourly intervals) and choline
chloride (5 to 20 mgm. per kgm.) was injected intravenously when the rate
of secretion had become approximatcly constant. The effcet of choline
was uniformly (5 experiments) to raise greatly the peptic power of the
juice produced by histamine, sometimes to a level approaching that of
sham-feeding juice. The rate of secretion, which is very high with such
doses of histamine, was generally reduced; the acidity also fell off some-
what. These results are illustrated in figure 3, which compares the effect
of choline injected into a, the portal vein, and b, the jugular vein. The

_corresponding experiments will be diseussed in detail helow.

Effect of choline introduced into the digestive tract.  Of more significance is
the effect on gastric seeretion of choline introduced into the digestive tract.
This effect was conveniently studied by injecting the choline directly into
the stomach through the gastric fistula. Given in this way cheline, even
in very large doses (0.5-1.0 gram of choline chloride in 50 cc. of water)
caused no visible systemic disturbances, as it did when given intrave-

", but it did again evoke a rather scanty gastric secretion, whick
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before was of very low wi(lit’y but rich in pepsin und mucus (table 1;
see also fig. 2). The seeretion began ealy alter a latent period of about 1
Lour, and lasted for about 2 hours: this &uv)ports the finding of Ivy and
Javois (5) that choline aets from the intestine and not from the stomaeh,
solutions of NaCl {1 gram choline ehloride equivalent to 0.42
gram NaCh produced practieally no seeretion (g 25, The volume of
fluid secreted, exclusive of mucus, never (11 experiments} exceeded 20 per
cent of the v !u'.\uz.e secreled i response to he standard daily meal, and was
usually consi ucrably less than this,
Choline on intravenous injection, or on being introduced into the diges
tive tract, 3s therefore a weak stimulus for the secretion of fluid and H(,
by the stomack;, but & relatively stroug stimulus for the secretion of pepsin.

TABLE 1

Gastric secretion in dogs “B’" and “H’ on choline and lecithin

i ! ACIDITY ’ PC"::'_N ;
DOG STIMULATION ;VOLTME’ MKUCTE ; : '(;EA\- DT‘z(};:'-
' . % Free | Total 'x‘:‘(;.v :
. cc. ec. 1m eq. /1. im. eq./L.i i hours
(| Choline chloride (300 mgm.) intra- | 2.2 1.5 | 15 | 51 L850 | 13
i venously i !
B I Choline chioride (1 gm.) by gastric | 5.3 | 3.6 0 20 ; 330 | 2
1 fistula
i1 Leeithin (6 gm.) by gastric fistula . 4.8 | 3.2 0 15 | 230 2%
'\ Daily nixed meal (average) 2101 1.0 ; 118 | 132 41 6
{1 Choline chloride (3C0 mgm.) intra- | 3.6 | 1.5 0 39 | 460 1}
H venously
. Lecithin (6 gm.) by mouth 48,28 12 30 @ 2060 2
Daily mixed meal (average) i 31.01 2.5 | 106 | 116 64 6

Iiffect of lecithin introduced into the digestive tract. The dose of lecithin
used in all experiments was 6 grams, which contains theoretically about the
same amount of choline as 1 gram of choline chloride. The choline content
of the preparation was not checked. "The lecithin was emulsified in 100
ce. of water at 37° and given by gastric fistula to dogs “B” and “P”, o
by mouth to dog “H”. The lutent period of the secret tory cffect was about
2 hours, nothing but a little 1nucus being discharged from the pouch in the
meantime. A scanty flow of gastric juice, carrying with it considerable
mucus, then began, and continued for 2 or 3 hours. As with the choline
secretion, the values for free and total acid were extremely low and the
vaiues for pepsin high. The figures obtained for pepsin doubtless do not
represent the entire activity of the peptic cells, since a, pepsin muy have
been destroyed by contact with slkaline mucus, and b, th( volu clear
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fluid secreted was insuflieient to wash out il the pepsin discharged ato the
erypts of the glands; thus, when the animal was subsequently fed or in-
jected with histanine, the first portions of the juice secrcted under the
new stimubis were nnesandly rich in pensing

"Dhoa affaae of 1ans 1 o1
1 41€ €1l U1 10l Gl

i the gustyie glands is thus gualitatively similar
to that of (‘holm(-. Ti;o fntent perid [or the leeithin sceretion is long,

no doubt since choline is only slowly releused from it by the enzymes of
the intestin

Effect of c}mz'z‘m" and of leedbin on the scerelory response o o test-meal. It
was noticed eariy in this work that, after experiments mvolving the ad-

11.\!11‘\”'3\,‘\,‘1 \.! Cluadipie, it volmie o

i dniee secreted i oresyu

to the daily mixed menl was gresier than normal.  This observation was
extended in controlled exveriments, una it was found that the seerctory re-
sponse to a test-meal of either lean meat or butter was sugmented by pre-
vious administration of ('Holine The effeet was not due to un overlapping
of the qecretion produced by the meal with the secretion produced by the
“direct” effect of choline.

In the first series of experiments, dog “B” was placed on a diet consisting
of 700 grams of minecd lean beef muscle, given in one meal at 12:30 pan.
daily.  Thesame lot of meat was x%d throughout the experimental series,
which lasted 6 days. On the 't day of the m,ries, the animal received
3 hours before the meal 1 gram o f chotine chloride in 50 ce. of water by
gastric fistula. On the fifth day it received an equivalent quantity of
NaCl (0.42 gram) in tne same way (fig. 1).  The chaoline treatment aug-
mented the seeretory response to the meat meal by over 50 per cent, the
augmenting effect apparently persisting to the next day. The salt control
had no such effect. Two similar 6-day series of experiments gave parallel
results. The pepsin concentration of the juice secrcted on meat, following
administration of c¢holine, was high in thie first hour only, suggesting that
pepsin seereted during the direet secretory effect of choline was being
washed out from the glands; thercafter the pepsin values were the low
ones characterizing the juice of the Bickel pouch. TFigure 2 shows the
volume of secretion and the concentration of pepsin in the juice, when the
stimulus was a, NaCl {oliowed by meat, and b, choline followed by meat.
The graph appears to indicate that feeding was carried out before the re-
sponse to (,hO ine had ecssed; however, nothing but faintly acid mueus was
discharged from the pouch during the hour preceding the meal

For subsequvnt pcnmmt~ the znimuls were kept on the standard
mixed diet, and experiments were not perfornied on successive days. The
experiments were earried out in pairs, one control experiment in which the
test-meal was given alone, or preceded by water or salt solution, and one
experiment in which choline or lecithin was administered hefore the test-

' (‘I'he adminisiration of water or of NaCl solution did not neres

e T i -
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the reerctory effcet of the test-maeal.)  Test-meals of meat or bread were
given by mouth; test-meals of butter, and solutions of choline, lecithin
or NaCl were always given by gastric fistula. In order to shorten the ex-

c.c
251 P
E 1 3
261 ool
P ™
Lage B o] ; i
I8, ¢ L I 1 %
[ ) ¢ i
H P H
101! : . i
4 3 i PR e 3
i : [ 1
¥ H ok H
ST * ¢ Py b L]
| S S U AR A S
k. M N - B S

Mon. Tos. Wed Thoe fri. Sal

Tiz. 1. Dog “B’: BGickel pouch. The black rectangles represent the volume of
gastiic juice secreted in response to tlie standard daily meal of iean meat. Before
tiie Wednesday meal the arimal received 1 grum of choline chloride by gastric fistula.
Before the Friday meal, it received an equivalent quantity of NaCl in the same way.
Nute the persistence of the sugmenting cifect ol choline.
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Fig. 2. Dog “B”’: Bickel pouch. The diagrams show the volumze of juice secreted
by the pouch (rectsngulur outlines) and the concentration of pepsin in the juice
{teavy lines). The two experiments illustrated were performed two days apart
under comparakle conditions. In both experiments the test-meal was 700 grams of
lean beef-heart, which was preceded in the first experiment by 0.42 gram of NaCl,
snd in the secor.d experiment by an equivalent guantity (1 gram) of choline chloride.
Thc secreiory responsc to the meat meal was greatly increased by the previous ad-
ministration of choline. The graph appears to indicate that feeding was carried
out before the response to choline had ceased: however, nothing but faintly acid
mucus was secreted during the hour preceding the meal.

periments, since the animals beeame very restless after the end of their
normal working day, the tek\t-meuvl was sometimes administered before the
secretion produced hy choline or lecithin had ended; since th Yare of
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TABLE 2
i Gasiric sceretion in dogs *“B,” I and P on meat, butier or bread with or . "thout
clear juice produced by either of these substances did not, in control ex-

Drevious adzrnuotmlwn of c}.olwc or lecithin
periments, exceed 3 ce, this procedure imroduced only & smull error, e P s 1
S s [ |
Table 2 sunmarizes the r<->mt:, of the o:-;p(-run@:lts. Compuarabie experi- ! j BE- 1 - FAL DTRA- ] | Py
+ b e I r v . 1Y et DOG | PRELIAINARY TREATMENT i FORE | TEBT-MEAL : TION | Total Mucws, ‘orTror
ments are grouped in pairs.  In each set of experiments, it will be seen that ; JTE |
" ;
the doses of choline (1 Erain of choline chioric w) and of lecithin (6 grams) — — e ' e et Hnt T
! e Romrs [
which were used, were ¢ I produeing o considerable inerease in the i D me . emn \ ol o4y Co1s0
o ) {0 NaCl (042 zm3 3+ Aleat (700 gLy I TR R i FRtY
volume of gastric jiice secreted in respulse (0 2 test-meal of meat or butter. B! "mmm chioride {1 gm.) D31 Meat (700 gm.) i 4} 1 11.31(0.6), 835
] s . ! Y oric ot
This is still apparent when the volume of mucus is deducted from the § i ' | ' ;
. . . i 9 g 46
volume of the tot:l seeretion. In the fwo sets of experiments in which 4 Chaline ehloride (1 gm) 03 1 Meat (700 gm.) ‘ 4 [ 13.50.1) 460
. X . e e e PN St 700 o 6. UL8)] 230
bread was used ax thet neal this effeet was practically absent.,  During B {1 NaCl {042 gm.) P3 o deoad (06 “m'g } “: ; 1: 3,‘ t() 1;‘ E;g
n R L. Yoo Sine el orde (1 ozm C83 0 Meat (700 gm. 4 152001 ) 3
the first two sets of < 33 ; was kept on a dict contain- \y Chotin chloride (Tam) 3 ‘ eat (700 g ; i : |
ing no added salt: bnnee the response fo the 5 : ' !

test-mesl (meat) was less
than in later experituents.  In one exneriment {no

Choline chil H NMeat {300 giad | 51 22.2'02.2) 1,40
ot tabuiated) the secre- B &;;’:g“&f{é ) S ot (00 g | 53 H15.5 (1T T
tion on meat in the e snimal was lessened after lecithin: the anims! N ' ‘ ' Lo b
appeared to be unwell at this time. p || Choline ehloride (1 gm.) 3 f\utm (10 gm.) 1o 19 "('\‘,;'j" *j;"
The augmentation in the sceretion following the test-meal, when choline 1} NuCl (0.42 gm.) b4 Buster (100 gm.) P ’ 1§( A =
or lecithm had bcen administered previousiy, was due chiefly to an in- | None ‘; ‘ Butter (100 gm.) 1 n | 13.93 7.9)  ©%5
creased flow of julce in the first two or three hours alter giving of the meal. B {‘ ZT:Ix;)i;x;e chloride (1 gm.) Lo ’ Butter (100 gm.) {11 | 20.4 i e 2)1 1,570
he total duration ¢f the secreiory response was not affceted. | | i Lo : "
The total output ¢f HC! in all experimments closely paralleled the volume, 5 )“ Choline chioride (1 gm.) 1 2 : Butter (100 gu.) § | 18‘9}‘?'222 ;i;
and henece was higher when choline or lecithin had been given Lefore the © 11 None : | Butter (100 gm.) | ® ' 'ui( I
meal. The total curput of pepsin (eoncentration X volume; was inereased Chotine ehloride (1 gm.) ) 5 Butter (100 gm.) : 103 i 21.82(3,‘2)3 4,360
after choline or lecithin, but the inerease, since it occurred chiefly in the :\0“ | Butter (100 gm.) | 10} | $.8I(1 5)! 1,280
first part of the test-meal secretion, was probably due, as mentioned above, ] ! i i | | !
to a washing-out from the glands of pepsin discharged during the primary ! Lecithin (6 gm.) {3 Meat (800 gm.) 6 24"2‘(2'53; S0
effect of choline. i Water 13§ Mear G gm) | 6 ' 17.3,(1.5) 86
The percentage augmentation of the test-ineal sceretion by previous ccithin (6 gm.) { 34 ; Meat (500 gm.) {7 221.71(2.6)1 720
administration of choline or lecithin is given in table 3, which summarizes Waver ' ' 31 | Meat (500 gm.) b7 ol 3,2.4)] 270
the results of the experiments presented in table 2. In caleulating the | | i i |
augmentation, it was assumed that in experiments in which the test-meal B {1 Lecithin (6 gm.) Loy Meat (700 gm.) i igig(gg)! ?‘i’?}g
was given before the secretion produeced by choline or lecithin had ceased || None * | Meat (700 gm.) %) 0. l( oL
the volume of secretion due to this was 3.0 ce. (the maximum observed in g Tecithin (6 gm.) ' 2 | Aeat (500 gm.) ‘ 6 ‘; 22.3/(1.8)] 475
control experiments with these substances alone); and this volume was B “ I\"olr;e = | ] Meat (5060 gm.) 6 |15.7(1.1)] 38
deducted from the test-meal secretion.  The caleulation refers to the vol- “; | ‘1 ‘
umie of elear fluid seereted, the volume of visible mucus having been de- ’! Lecitkin (6 gm.) + glucose | 4 l Meat (300 gm.) 61 | 30.8 (5‘3);! 5,030
ducted, A similar augmentation by lecithin of the secretion produced Hi{l (0gm.) ! | 00 gn) 6 losd@ 4)} 3 835
by meat given by mouth was observed in the Pavlov-pouch dog (3 experi- \! Glueose (20 gm.) % 4 ! Meat (300 gin. 1 - \ | '
ments), (} Lecithin 6 gm.) : 1 ‘,‘ Meat (700 gm.) | 9} ‘ 41.4,{2.5)| 2,920
The effect of choline introduced into the portal circulation. It appeared H \)‘\! Water |3 i Meat (700 gm.) i' 9 i 24-81(1-3)% 1,035
bossible that the weaker secretagogue action of choline on introduction i | . ; . |5 by s
nto the stomach, as compared with intravenous injection, might be due to ! | :'f at (500 gm.) | 7 ! 2.2 ‘.(i 5)‘ 2’815
Its removal from the circulation by the liver. That the liver does exert ‘ | 3 Meat (B0 gm) | 7 B 2
Such an effect is indicated by two experiments performed on ancsthe- « Ir;jccted intravenously.
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ABLL 2—Concluded

D TimeE | VOLU:;E
i ne- | . : PEPAIN
DOG PRELIMINARY TREATMENT | FORE ! TEST-MEAL , i . OUTPUT
‘ i :’iﬁ’:'; | otal .‘hucus
S — e
¢ Avurs | cc. ! !
! 1 i
B /| Lecithin (6 gm.) | % | Butler (160 gm.) 15‘95(81)' 1,605
i NaCl (0.42 gm.) Y} | Butter (100 gm)) P 13.9:(3.8)1 750
bl . R
B {; Lecithin (6 gm.) L3 Butter {100 gm.) 2.2(2.6) €50
U None || Butter (00 am) 6.9(5.0) 405
i ; i i i
g /| Lecithin (6 gm.) by Butwer 000 gm) 1.1143.5)] 1,040
1 None ¥ Dulier Googm.) | 8 | 4.4(3.5) 246
; |
p [| None 3 | Butter 100 gm.) |30 ! 8.8(1.5) 1,28
Lecithin (6 gm.) b i Butter (106 gm.) | 10 ; 18.8/(2.9)/ 3,535
| | |
p || None } | Bread (250 gm.) | 10 | 10.4(3.0) 795
i Lecithin (6 gm.) % | Bread (200 gm.) 10 | 13.8i(6.0) 920
u || None 3 cad (250 gm.) | 8 | 16.3,(8.5)) 2,025
Lecithin (6 gm.) 3! Eroud 250 gm.) P8 ! ‘22.0} (8.2)1 3,795
TABLE 3
NUMEER OF AUGMENTATIGN
PAIRS OF EX- TEST-MEAL PRELIMINARY TREATMENT N T
PERIMENTS liange . Average
per cend 5 per cend
8 Meat Choline chloride (1 gm.) 44-108 | 84
7 Meat Lecithin (6 gm.) i 25-116 | 44
4 Butter Choline chloride (1 gm.) | 50-320 1 130
4 Butter Lecithin (6 gm.) 0-400 140
2 Bread Lecithin (6 gm.) —-10- 10 0

tized dogs secreting under the influence of histamine. In these experi-
ments, in a dog scercting in response to Listamine, the saine dose of choline
chloride was injected slowly into a, a branch of the superior mesenteric
vein, and b, the jugular vein, bhu technique for collection of juice being as
deacnbcd under “Met '-od&;” The inerease in the output of pepsin follow-
ing injection @ was less than half of that produced by injection b, and did
uot lust so long.  Reversing the order of the injections did not change the
fesults.  Figure 3 represents the results of one of the experiments.

The cffect of alropine on the secretory action of choline. Lie direct secre-
tory action on the gastric glands of choline, given either intravenously or
by gastric fistuls, is fully antagonized by atropine (0 2 mgm. atropine
wlfate per kgm,). Whether or not the secondary augmenting action of
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choline is alzo antagonized could not be ascertained; since atropine inter.
fered with the digestion of the test-meal.

DHCU«IO\' The experiments show definitely that besides its direct
seeretory effect on the gastrie glands, choline is capable of a augmenting
their response to » meal of meat or butter.  Lecithin can act similarly,

. i I s this “quementing’ action on the seeretl
The way in which choline exerts thiz “augn nenting’’ action on the sceretion
s

is not casilv understood. If 1s possible that an inereused secretion of pep-
sin (and possibly of the pancreatic enzymes as well) under the “direct”

aptiag

S8
SOTION 30 Lo

PO N N . 3 > 4 L e o b
ne, might hasten the escape of secretagogues froim the digeai-
H o o

ing food, and so cause an increased stimulation of the gastric glands,
Against this supposition is the fact that the duration of the test-meal
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The heavy rectangular line represents the voiume of g&tric juice secrcted
i by sn anesthetized dog receiving 0.2 mgm. of histamine
dih .d.ec doride per kgm. subcutaneously every 30 minutes. The shaded areas
represent the total output of pepsin during each period. Note the steady declinein
pepsia seerction after the first 45 minutes. At 4, 100 mgm. of choline chloride were
injocted into a branch of the superior mesenteric vein; a8t B, the same dose was
injeeted into the jugulsr vein. Note the greater effect on enzyme discharge of B
88 compared with 4. Choline had no striking effect on the volume of the secretion
produced by histamine.

is some sort of sensitization of the parictal cells themselv es, but how this
ce there ?s nothing to indicate. Itis worthy of note that the

1 ﬁ' cts chiefly the parietal cells, which secrete the fluid and
the h_fdrocHo ric acid of the juice, and not the peptic cells. The secretory
response of the stomach to a standard stimulus may undoubtedly be modi-
fied Ly the state of nutrition of the experimental animal. Thus Kosch-
toyantz (8) has shown that the prolonged administration of a meat diet
ivc*ea:oe the response of a denervated pouch to various test-meals: ; and

sna

the sddition of liberal quantities of salt to the diet is well known to have a
similar effect.

Lecithin is hydrulvzed by the digestive ferments (7), and it is therefore
not surprising that its effeet should be g ualitatively ~imilar to that of
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choline.  Whether or not choline in the form of Jecithin is as cffective a
stimulus as the free base, cannot be concluded from these experiments
. . N . . . o o
I view of the wide viaiations hetween the aue

In vie . mentations observed in the
ingividual experiments.  The ¢

or wy of ehoine and lecithin, when com-
parable quantitics of eacl are waed, appenrs, however, to be of the same

()rdmn‘ The Hterature Joes ool mdicaie whotner e choline of ingested
Uit reachies the Lioed as sued, or whether it is wsed o resyntﬂusize
the phiosphatide in thc intestinal wall

Choline has a stronger seeretagogue acticn when given intravenous!
than when introducad into the Qgestive tract. ‘ y
portal injection of el ]
up in the lat

1y

The experiments on intra-

10 et thed 4100 st S PRI 3
e stgrest that this MLy e que W ils being taken

ter case by thie liver.

C U aecitiig, as well &8 any free choline of the diet, can

act on the gastric glands, it is of intorest 1o krow whether the base i3

present in the diet i st

3

et o srisieydadae 4oa in vy ot f i 3
enl quuniity to oo an imporsant factor in the

production of the second phose. The doses of choline used in these ex-
periments are certainly much higher than the best figures in the literature
for free choline in, e.q., skeletul muscle: the true alues for the latter are
probably very low (9). Recont work tas .\‘Zﬁi;;‘a”n, Lowever, that choline

18 readily liberated by post<nortem sllolysis from a water-soiuble pre-
Cursor present In many tissues {8, 10), =0 that very iarge quantities of
3 ¢ quantities of

th
choline have Leea fowna in tssuyes whick were net fixed by heating im-
mf‘diately on rewoval from the hody,  Thus liver has been found t;(:ozl—
tain up to 720 mgin. per kgm, (11), and skeletal muscle 150 to 200 mgm. per
kegm. (19, 13), even when promptly worked up; this liberated choline is
ot destroyed by furtier autolysis.  Cemnercial meats may thercfore
9¢ presumed to contain very covsiderable quantities of free choline. The
total choline of a large numbher of foods has been determined by Fleteher,
Best and Solandt (14).  Among other values, liver (dog) was found to
contain 2360 mgm. per kgm., beef muscle 750 mgm. per kgm., and white
wheat flour 1400 mgn. per kgm. Thus a meat meal of 700 grams, such
33 was fed in these experiments, eontains about 500 mgm. of choline, or
flb01xt three-fifths the quantity (1 gram of choline chloride) which was
tound to produce an augmentation averaginz 84 per cent in the secretory
fesponse to such a meal.  The seeretion prodizeed by the meat in control
f‘xp‘eriments was thus probably due, in considerable part, to the “augment-
g™ effect of the choline which it contained.
foI;;x iontxaxt, ‘the ‘4"dif(-<:t” ac}ion ()}1 the .par‘iotui (‘e‘ils Qf choline derived
' {ood cannot be of much mportance in the production of the second
l’}la'«sc. Thus in table 1, a dose of choline considerably greater than that
:f(iﬁlt‘:ww;)()fu(lzlk(;cfur in 'tlx.e‘.d:".ily‘ n;x(:al,‘p-x'odt‘wed Iess‘ than one-tenth the
: A7) gastnie juice produced by the meal itself. O the other
iind, the output of pepsin following this dose of choline was twice as

i3v F. C. MACINTOSH AND LUISE KRUEGER

great as that following the meal, Table 2 shows that both lecithin and
free choline, in the doses used, murkedly stimulate the discharge of pepsin.
Since this dose does not greatly exceed the quantity of choline available
in 2 high-protein diet, it is practically certain that the choline of the diet

may be a factor in prousoting the discharge of pepsin, and that the sccond -

phiase may involve the activity of the peptic cells. This is evident from
the fact that the gastrie juice seercted in response to histamine, which
stimulates almost exclusively the parietal eells, contains far less pepsin
than the gastric juice of the second phase.  In the normally innervatied
stomach, in whieh the peptic cells undergo intense stimulation through the

T T L U . S VU T oy
VALY, Liis Gilecy G choliine would of course e iess important.

Iris of interest to note that the seerctamogue action of choline could be
regularly observed in a completely denervated stomach pouch, the test
being made at froquent intervals six wecks to ffteen months after denerva-
tion. This fnding may be contrasted with the statement of Suda (15)
that acetyleholine loses its secretory effect on complete denervation of the
pouch.

SUMMATY

1. Choline administered to dogs intravenously or by gastric fistula is 3

1 Fal

weax stimulus for the secretion of fluid and acid by the gastric glands, bat
a comparatively strong stimulus for the seeretion of pepsin.

2. The secretagogue action of lecithin is similar to that of choline, allow-
ance being raade for the delay in liberation of choline from lecithin in the
gut.

3. The volumne of gastric juice secreted in response to test-meals of meat
or butter is markedly augmented by previous administration of choline or
lecithin. This “augmenting’’ effcet of choline and lecithin is a secondary
one, and persisis after the dircet sceretory effect has passed off.

4. The quantities of choline available in the diet indicate that the
lireet secretory action of choline is not an important factor in the produc-
tion of the sccond phase of gastric seeretion. The secondary augmenting
action of choiine, however, plays an important, but subsidiary, part in the
production of the second phase.

The authors are much indebted to Dr. B. P. Babkin for suggesting this
investigation and for much valuable advice and eriticism during its course,
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Phospholipids of rat tissues after feeding

pure phosphatidyl cthanolamine and lecithin

N, F. MACLAGAY, J. D. BILLIMORILA, and CAROLYN 1HOWELL

Department of Chemical Patliology, Westminster Medical School, Londoun, England

ABSTRACT Pure phosphatidyl cthanolamine aud lecithin
from egg yolks were fed 1o rats in saline or in olive oil and the
changes in individual phospholipids in the intestinal wall,
liver, and plisma of the animads vere studied.

Ingestion of olive oil lone pr wuced inereased levels of all
phospholipid fractions in cach of the three tissues. Feeding
phosphatidy? ethanolansoe in seline resulted in slightly in-
creased plastna phospholipids, but levels of liver total phospho-
lipids were greatly veduced; whes phosphatidyl ethanolamine
was fed witl, olive oil, bvee phosphalipids were again reduerd
but this reduction was confined 1o the phosphatidyl ethanel-
amine and phosphatidic acid fra: tions, Feeding lecithin alone
did not prachwe signific.ant changes in levels of plusma or tissue
phospholipids.

The results suggest that Jiver phospholipid synthesis is de-
pressed by feeding phosphatidyl cthanolamine; in the presence
of dlive wil, hepatic synthesis of phosphatidy] ethanolamine
seems to be more selectively inhibited,

intestinal wall - liver
lecithin phospha-
hepatic synthesis - rats

KEY WORDS phospholipids
plasma - force-feeding olive oil
tidy!] ethanolunine inhibition
+ egg yolk gradient elution

Isor('n'm sTUDIES on the synthesis of total phospholipids
by various®animal tissues in vitro have been reported
" extensively (1, 2) and similar studies in the living animal
have been carried out by Artom and Swanson (3, 4).
However, less is known of the absorption of purified
single phospholipids, with which the present paper is
concerned. After we had established that fed phos-
pholipids were absorbed froms the intestinal hunen of the
rat to the extent of 96¢;, within 4 hr, we studied the
Abbreviations: PA, phosphatidic acid; PE, phosphatidyl cthanol-
amine; LPE, lysophosphatidyl eihanolamine; TLC, thinlayer
chromatouraphy.
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effects of feeding purified phosphatidyl ethanolaniine
(PE) and lecithin on the levels of individual phospho-
lipids of the rat intestinal wall, plasiua, and liver afier
this time interval. Since the phospholipids were fed iy
saline or in olive oil, the effect of the oil alone on phos.
pholipid synthesis was also studied.

In a previous study, Hill, Linazasoro, Chevallicr, and
Chaikofl (5) (who were concerned mainly with glucose
mmetabolism in relation to fat feeding) observed that feed.
ing certain fats to rats over a period of 3 days with 507
glucose in the dict did not affect the lipid levels of the
Jiver or the phospholipid levels of plasma. 1t appears
from the present work that feeding fat alone docs in-
fluence the levels of phospholipids in the liver and the
plasma. The changes in levels of plasima and liver phos-
pholipids produced during a single feeding are obviously
due to a combination of endogenous changes and absorp-
tion from the intestine. The effects of absorption have
heen further studied by feeding radioactively labeled
phospholipids. These results will be reported later,

MATERIALS AND METHODS

Antmals

Male Wistar albino rats, 8-12 wk of age and weighing
150-200 g, were used. Before feeding, the apimals were
randomly distributed amongst the cages and left over-
night with water but without food. Materials were ad-
ministered by stomach intubation using rubber catheters
(English gauge 3). The animals were lighty anesthe-
tized with ether so that they were fully recovered by the
time the catheter was removed (about 30 sec). The
total volume fed was usually 1.5 ml and this was fol-
lowed by 0.5 ml of saline.

Preparation of Food

Phospholipid (250 mg) or olive oil (400 mg) or 250 mg

A
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phospholipid 4 400 mg of olive oil were mixed with egg
white (0.15 ml) and saline to give a total volume of 1.5
ml. The niixture was cinulsificd i an ultrasonic vibrator
with external cooling (0°CY) until it was homogencous
(2-5 nin). Suflicient food for 8- 110 animals was prepared
in the above proportions and 1.5 ml of emulsion was
fed from a syringe to each animal ss described above. The
amount of lipid administered was calculated from the
organic phosphorus content of the food in the case of
phospholipids wnd from the total ester content in the
case of olive oil, afier subtracting the amount of residnal
lipid in the catheter and leeding vessel.

Preparation of Pure I'E and Lec/thin from Fygs
Egg yolks were stirred with a litrle water and a volume
(x m]) of the mixture poured into a mechanically stirred
mixture of chloroform (3xy ml) and e¢thanol (6x ml). The
mixture was heated under reflus (in an atiosphere of
nittogen) for 15 min. The precipitated proteins were
filtered under suction through Whatinan No. 1 paper
and the filtrate was evaporated under reduced pressure
1o a low valume. Acetone (20 vol) was added and the
mixtore allowed to stand at 4700 overnight. The pre
dpitated crnde phospholipids were collected by filtra-
tion. They were yedissobved in CHCl; CHLOH 11
{v/v) 50 1!, and the ‘extract was washed with 0.1 w
HCT (3 vol). alter standing for some hours the CHCIy
fayer was separated and the solvent was evoporated in
vacuo.

The residual crude phospholipids (which still contained
2 snbstantial amount of triglycerides) were dissolved in

dry chloroforin and further porified by chromatog-

raphy, /
Silicic acid (Mallinckradt Cherriical Works, New York)
100 mesh was treated as describerd by Billimoria, Curtis,
and Maclagan (6). A portion of the dry CHCly extract
ontaining phospholipid (not exceeding 5 g) was applicd
© 4 column (5.6 cn dinm) containing 150 g of silicic
aid and the column was clutedd with dry CHCILy (3
liters) to remove all triglveerides and free and esterified
cholesterol. The colunn was transferred to a gradient
dution apparatus (7) and the individual phospholipids
were separated by clution with a linearly increasing con-
tenration of CH3OH in CHCL. The separation sas
Monitored by phosphorus estimations and the separated
Peaks of PE, lysophosphatidyl ethanolamine (LPL),
fcithin, and sphingomyclin were individually pooled.
PE. und lecithin fractions werc analyzed as described
 der chemical estimations,
: Rt Vissne Phospholipids
. Fed animals were anesthetized with ether 4 hr after feed-

e Blood was collected from the heart and after ex-
St dnation the animals were killed. The liver, intes-

Macracan, Breuivonts, axnn HoweLr
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tine, and stomach were removed and the intestinal walls
were slit and washed thoroughly with saline. Stomach
washings were similarly obtained. Phospholipids and
csters in the washings were estimated after extraction
with Bloor's solvent (ethanol-ether 3:1) in order to deter-
mine the amount of lipid not absorbed.

The intestine and liver were separately ground with
pestle and mortar under Bloor's solvent and then thor-
oughly extracted with several further portions of the
boiling solvent. The extracts were filtered and made up
to a known volume. An aliquot was removed for estima-
tion of organic phosphorus. The solvent was removed
from the residual extract and the crude lipids were dis-
solved in dry CHCI;, fGltered under centrifugal force
through a Scitz filter, and chromatographed.

Blood was centrifuged for 10 min at 4°C at 3,500 X ¢
and the plasma scparated. The latter (1 vol) was ex-
tracted with Bloor’s solvent and made up to 20 vol with
the solvent. An aliquot was reserved for phosphorus
estinftion and the rest of the extract was chromato-
graphed.

Usually phospholipids of liver or intestine from the
organs of individual animals were fractionated, but
plasina (8-10 ml) was pooled from at least two animals
in order to obtain sufficicnt material.

Ideniification of Phospholipids

The purified phospholipid fractions were identified by
TLC. Organic phosphorus was estimated hy a modifica-
tion of the method of Allen (8), as described previously
(6). Values of phospholipids were obtained by multiply-
ing the phosphorus content by 25. Amino nitrogen was
estimated by the method of Lea and Rhodes (9), except
that the ninhydrin reagent was prepared according to
Jacobs (10). Total nitrogen was estimated alter digestion
of the lipid with perchloric acid (11), using the Nessler
reagent according to King and Wootton (12); Nal was
substituted for KT in the Nessler reagent to avoid forma-
tion of the insoluble potassiun pereblorate. Choline was
determined according to Bottcher, Pries, and Van Gent
(13). Bascs were identificd by amino acid chromatou-
raphy alter hvdrolysis of the lipids with 6 8 HCEat 100°C
in sealed tubes for 6 hr (14). The inositol content of cach
fraction was determined by the microbiological assay of
Norris and Darbre ((15) and glycerophosphoryl bases
were identified by the paper chromatographic technique
of Dawson (16). FLster estimations were carried out
according to Rapport and Alonzo (17). The fatty acid
compositions of the lipids fed weve determined by gas-
liquid chromutography on ethylene glycol adipate poly-
ester (1567 on Celite, 100 -120 mesh) at 174°C and a
flow rate of 44 ml ‘min using an argon ionization detector
as previouwsly  described by Billimoria, - Jrani, and
Maclagan (18).

Fffectz of Pure Diclary Phospholipids 213



RESULTS

Purity of Lipids Fed
The PE fraction gave a single spot on TLC and behaved
identically with a sample of synthetic PE prepared by
Billimoria and Lowis (19} 1ts nitrogen was all present as
amino nitrogen and the PN ratio was 1:1.01. A trace of
serine was detected by paper chromatography after
hydrolysis. The ester/P ratio (1,91 1.0) was a little lower
than the theoretical value of 2.0:1. Some (1-3%) of the
PL was present in the plasmaloger forin. LPL was com-
pletely absent as indicated by a negative red ccll lysis test
and by TLL.C.

Tecithin was free from sphingoinyclin and gave a PN

TABLE 1 VFariy Acip Cosuprosimion or Ece Yok Prospuo-

LIPIDS

PE Lecithin

T T G of total faily acid

Mynristic t tr.
Palmitic 17.8 43.0
Palmitolcic - tr.
Stearic 33 4 9.5
Oleie 25.7 27.0
Iinoleic 9.5 16.0
Arachidonic 10.7 1.7
Behenic 2.9 3.0°

ratio of 1:1.01, showed complete absence of amino
nitrogen, and gave a P/ester ratio of 1:2.0.

Tissue -Phosphalipid Fraclions
The fraction shown in Yig. 1 as phosphatidic acid con-

tained only a trace of nitrogen as impurity and on TLG
ran close to the solvent front, its K, being identical with a
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Fic. 1. Separation of cgg yolk phasphiolipids by continuous i ap
gradient elution chromatography. Crude phospholipids (4,14 o)
were applied to silivic acid (150 g). Column was eluteid i,
CHCl-CHLZOT with inereasing concentration of CHeOH (rarhe.
hand ordinate). Fractions of 25 ml were collected. Micrograis of
P from an aliquot {0.1 ml) are plotted against fraction nuniber,
Broken line, gradient of CH;OH-CIHCls. Peaks: 1, phaosphatidie
acids; 2, 1'I; 3, LPL containing 200 w/w phosphatidyl inusited:
4, lecithins; 5, sphingomyclins and lysolecithing (250 mg), cluted
with CalLON-CHICLI-1,0 6:3:1 (v/v).

synthetic marker of g,y-dipalmitoyl 1-a-phospharidic
acid prepared by the method of Hessel, Morton, Todd,
and Verkade (20). After mild alkali hydrolysis, chroma-
tography (16) established the presence of glycerophos-
phoric acid. The P fractions from plasma, liver, and
intestine were pure but the lecithin fractions contaiied
soine sphingomyelin, Further separation of the lecithin
from sphingomyelin was unnecessary as lecithin and
sphingomyclin phosphorus could be separately estimated
from the mixture after mild alkali hydrolysis by the
method of Dawson (21). The LPL fraction, although
giving on TLC only one spot corresponding to the re-
quired lipid, contained traces of adhering amino acids in
spite of the washing procedure described in the Methods

L

TABLE 2 Inresninar Wart Prnoseionieins 4 Hr arier FEEDING Lapins
Results ¢ xpressed as mg/100 g tissue = seM with statistical significance of difference from control values in parentheses
Lipids Fed
Lecithin/Olive
None Olive O] PFE./Saline Lecithin/Saline PE/Olive Oil Oil
No. of expts. (aninals) 6(6) 6{(6) 7(7) 8 (8) 8 (8) 6 (6)
PA 19.5: 5.7 9.8 1.2 31.6%+ 3.3 25.1 =% 2.1 58.8 4+ 10.0 28.8 3.5
(NS) (NS) (NS) (P <0.01) - (NS}
PE 159.3 =26 2 210.8 #:18.7 109.4 4 10.2 170.1 £ 11.5 113.54:10.8 155.0 4z 9.3
(NS) (NS) (NS) (NS) (NS)
LPLE - 45.1:4 1.6 58.6 = 4.9 44 4 4- 4.8 41.5:+ 4.2 59.04 3.1 46.4 4 3.8
(P < 0.05) (NS) (NS) (P <0.01) (NS)
Total cephalin (PE 4  204.4 £ 28.6 269 .4 = 21.5 153 B 8.3 211.6 == 11.5 172.5 4:11.6 201.4 & 9.3
1.PE) (NS) (NS) (NS) (NS) (NS)
Lecithin 281.0 + 43.7 392.8 £ 18.6 205.5 +19.1 374.3:£42.06 251.3 4+ 20.3 326.2 22194
(P <0.05) (NS) (NS) (NS) (NS)
Sphingomyelin 44.4: 3.5 633k 2.3 43.5+ 3.1 64.2 = 9.6 45 4 3.3 61.4 & 5.1
(£ < 0.001) (NS) (NS) (NS) (P < 0.05)
Total phospholipids 549.3 :+: 80 6 735.2 :: 399 434 3 243 675.2 4= 47.2 528.0 3-31.9 617.9 4:33.2
(P = 0.05) (NS) (NS) (NS) (N3)

214t Jounnar. or Lipip Reseanen Vorume 7, 1966
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TABLE 3 Prasma Puospuovripws 4 1k arrer FEEDING Lipins
Results expresseid as mg/100 ml plasma o siem with statistical significance in parentheses

Lipids Fed

Lecithin/QOlive
None Olive Oil PE/Saline Lecithin/Saline PF./Olive Oil Oil
No. of expts. {animals) 4 (53) 4 (48) 4 (8) 4(8) 4 (8) 4 (8)
PA 1.0:40.3 1.2+0.1 5.0k 1.7 0.940.1 4.4:4:1.2 1.3:£0.2
(NS) (NS) (NS) (P < 0.05) (NS)
PL 4 6:1.4 8.1 4:1.2 11.7 % 3.5 2.8:£0.8 11.4 4 0.8 3.640.0
(NS) (NS) (NS) (P <0.01) (NS)
1.PE 26409 7.1 k1.1 7.9:4 27 40309 3.54:-1.1 2.340.5
(P < 0.05) (NS (NS) (NS) (Ns)
Total cephalin (PE -4 LPK) 7.58:40.5 15.1 k2.3 19.0:. 3.2 6.8:1.5 14.9 1.0 5.9:40.8
(P < 0.02) (P <0.01) (NS) (P < 0.001) (NS)
Iecithin 83.2:£3.1 110.1 =4 3.7 120.0 4:13.9 82.6:4:7.3 106.7 = 5.7 98.54:1.3
) (P < 0.01) (NS) (NS) (F<0.02) (P <0.01)
Sphingomyeclin 7.9 4:0.7 11.740.2 11.4:4: 1.3 9.1 0.2 12.1:£1.7 9.2:4:1.2
(P < 0.01) (P < 0.05) (NS) (NS) (NS)
‘Total phospholipids 99.¢4:1.9 138.1 £ 3.5 137.9 4 15.5 99.4 :5.3 137.9:%£6.9 1150 2.6
(P <0.001) (P < 0.05) (NS) (P <0.01) (P <0.01)
TABLE 4 Livik Prosrrorieins 4 Hr artex FEEDING Lirios

Results expressed

as img/100 g tissuc == sEM with statistical significance in parentheses

Lipids Yed

ecithin/Olive

None Olive Ol PE/Saline Lecithin/Saline PE/Olive Qil Oil
No. of expts.

(animale) 6(12) 6(12) 9(9) 8 (8) 8 (8) 8 (8)

PA 147.4 1 40.8 284.3 4 23.7 62.94: 12.8 137.1 = 18.4 89.1 £ 11.0 123.4 = 11.7
(P <0.02) (NS) (NS) (NS) (NS)

PL 934.6 4-103.2  1225.8d:19.4 596.9:& 28.8 942.9 = 064.8 469.5 1 71.7 920.0 == 30.6
(P <0.02) (1< 0.01) (NS) (P <0.01) (NS)

1.PL 7.0 4 9.9 59.0: 2.8 61.7 &% 5.9 120.3 = 10.8 97.6 + 11.4 110.9 = 121

(NS) (NS) (P <0.02) (NS) (P < 0.0%)

Total cephalin 1011 .8 = 99.1 1284.7 £ 21.3 657.6 4+ 33.34  1063.2 4 70.3 567.1 +81.6 1030.9 & 107.8
(PE - 1LPE) (F <0.05) (P -2 0.01) (NS) (P <0.01) (NS}

V.ecithin 1403.0: 2 B1.5 1814.9 = 45 .8 1076.6 4 111.5 1610.3 & 77.9 1398.9 = 51.9 1628.4 3:165.1
. (P < 0.001) (] < 0.05) (NS) (NS) (NS)

Sphingomyelin 93 4=k 5.5 124 6= 5.1 105.8 = 14.1 119.3 = 10.2 79.1 = 11.4 124.9 = 14.5
(< 0.01) (NS) (P < 0.05) (NS) (NS)

Total 2655.% -k 120.0  3506.5::38.2 1901.2 4- 85.1 2030.1::151.6 2134.1 :86.9 2907.6 =+ 260.4
phospholipids (P < 0.001) (P < 0.001) (NS) (P <0.01) (NS)

section. This {raction also contained almost all the inosi-
tol. Over 809 of this fraction was present as L.PE, the re-
niining 20, being phosphatidy: inositol. The red ccll
lysis reaction was strongly positive.

A separation of the cog phospliolipids on silicic acid
columns by linear gradient clution is shown in Fig. 1.
O.ly the PE and lecithin peaks were wsed in the feeding
experinents.

The fatty acid compositions ol the PE and lecithin fed
are shown in Table 1. Of the suturated acids PL con-
tained mainly stearic acid whereas lecithin contained
muinly palnitic acid. Of the unsaturated acids the oleic
acid content was similar in both lipids but PI. contained
more arachidonic acid and lecithin more linolcic acid.

Levels of phospholipid fractions in the intestinal wall,
plasina, and liver after feeding olive oil and (or) phos-

MacLacan, Bientonna, anp HowreLL Effects of Pure Dietary Phospholipids

pholipids arc shown in Tables 2, 3, and 4 respectively. In
the plasma of unfed animals the major phospholipid is
lecithin (83¢,) and only 8% of cephalin is present. In
the liver and intestine higher levels of cephalin (38%¢)
are found. Relatively low levels of LPE (3% are found
in plasma and liver but as much as 89 is present in
intestine. The reported phospholipase A activity (22) in
intestinal mucosa may account for the higher LLPE con-
tent of the organ. It is unlikely that this is a cleavage
product of either PE or plasmalogen arising as an artifact
of chromatography since, under similar conditions, syn-
thetic PE and the small amounts of plasimalogen PE {rom
egg yolk are recovered intact.

The effects of feeding PE differed significantly from
those of feeding lecithin, and these differences are sum-
marized in Table 5. The wmajor phospholipid fractions of

245
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TABLY. 5 Dirrerences v Tissve Piuoseiiouirips Arier FEEpING PE anp LEGITHIN
Results given as the difference (inmount when lecithin fed} — (amount when PE fed) £ sem. The statistical significance is shown in
parentheses : : :

Intestine Plasma Liver
mg/ 100 g wet wi mg /100 ml mg /100 ¢ et wt h
PA —-10.1 £ 3.9 —4.1 4 1.7 +74.2 4 224
(P < 0.05) (P = 0.05) (P <0.01)
PLE 4+60.7 4: 15.3 —-8.94 3.6 +347.0+ 70.9
(r<o.o1) (I' = 0.05) (P <0.001)
1.LPE —2.94 6.3 -394 2.8 458,64 122
(NS) (NS) (P <0.001;
Total cephalin 4-57.8 k141 ~12.84& 3.5 +405.6 & 77.7
(P <0.01) (P <0.02) (P < 0.001)
Lecithin 4-168.8 4= 46.7 —19.4 4:15.7 +533.7 + 136.0
(P <0.01) (NS) (P <0.01)
Sphingomyelin +20.7 £ 10.1 —-23+ 1.3 413.5+ 17.4
(NS) (NS) (NS)
Total phospholipids +240.9 +4 53.1 —40.8 £16.4 4+1028.9 + 174 1
(< 0.001) (P ——1:0.05) (P <0.001)

liver and intestine were increased and those of plasma
decreased when PE was replaced by lecithin in the feed-
ing experiments,

DISCUSSION

Our results indicate that a sincle meal of olive oil gives
rise to large changes in phospholipid levels of plasma,
intestinal wall, and the liver of the rat, which were raised
by as much as 30-40°7 in cach of the tissues studicd.
These increases were particalarly prominent in the liver
and were distributed over alivost all the phospholipid
fractions.

In fat-feeding experiments 111 et al. (53 bave shown
that the feeding of fat-containing diets (corn oil and
vegetable oils) over a period of 3 days did not influence
the )ipid content of the liver or the lipid, including phos-
pholipid, levels of the plasima. The siriking difference in
our results may be due to differ nees in dictary composi-
tion. Whereas the diet of Fill ¢t 2l. contained as miuch as
509 glucose we fed fat alone. ‘t he difference in the two
results is of sufficient interest to warrant firther investi-
gation as it is conceivable that administration of fut alone
may result in a fatty liver, whicl may be avoided by the
addition of carbohyvdrate to the feed.

‘The two pure lipids, PE and lecithin, have totally
different effects on lipid levels of plasma, intestine, and
liver when fed individually.

On feeding Pl the levels of total phospholipids in the
liver were strikingly reduced; this reduction was ob-
served both in the lecithin and PE fractions. A similar
trend was observed in the intestire, although the changes
here were not significant. The larger scatter of the resulis
is probably due to absorption from the intestine still oe-
curring 4 hr after feedine . The plasina total phospholipids
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not significantly increased, the increase being wniformb.
distributed over the other phospholipid fractions. ‘

Two possible explanations of the reduced content of
liver phospholipids after feeding PE are (a) inhibition of
liver synthesis of phospholipids or (4) increase in the rate
of destruction of phospholipids. The latier sugacestion
seerns Jess likely, as an increased destruction would be
associated  with increased levels of the intermediate
metabolite PA which were not observed; in fact, PA
levels were reduced from 147 to 63 mg /100 g wet weight,
suggesting decrcased breakdown. When PE was fed
with olive oily the liver PE was decreased by over 607,
whereas the lecithin levels were abirost unchanged. 1t js
therefore sugnested that the reduced levels of phosphe-
lipids represent an inhibition of synthesis. The subject s
still under investigation.

Similar results were not observed when lecithin was
fed;instead the lecithin contents of intestine, plasma, and
iver were all slightly raised. The fact that plasma and
liver lecithin levels are not significantly raised after feed-
ing lecithin suggests that its turnover must be very rapid,
in agreement with Gurr, Pover, Hawthorne, and Frazer
(23).

Our interest in the experiments was concerned partly
with the well known effects of fat feeding on blood
coagulation, which appear to depend mainly on the PE
fraction (24). Our results indicate that feedine PE and
(or) olive oil causes large increases in the plasima PE
fraction, which would explain the accelerated coagula-
tion. Feeding lecithin with olive oil, however, abolishes
the rise in plasma PE; lecithin might therefore mierit trial
as a desirable adjuvant to dietary fats.

We are grateful to Mr. J. E. Bozzino for skilled technical assist-
ance.

The expenses of the work were defrayed by grants from the



Medical Rescarch Council and the Endowment Funds of the
Westminster Hospital.

Mamuscript vecerved & September 1965; accepied 15 November 1965,

i. Billimoria, J. D, R. G. Curds, and N. F.

REFERENCES

- Kennedy, E. P In Biosyathesis of Lipeds. 5th Intern. Congr.

Biochem., edited by G. Popjak. Pergamon Press, London,
1963, pp. 113 133,

. Russtter, R. J. Ciin. Chem. 2 171, 1965,
. Avtour, C. J. Bl Chem. 133: 953, 1941,
Artom, Cyand M. AL Swanson. J. Biol. Chem. 175; 871,

1948.

- Hill, R, TOM. Linazasoro, F. Chevallier, and 1. I, Chai-

koft. 7. Bivi. Chen. 233: 305, 1958,
Muclagan.
Biochein. J. 78: 185, 1961,

. Billimoria, J. Tv, Vo ) Trani, and N, ¥, Maclagan. J.

Atheresclersis Res. 5: 90, 1945,

. Allen, Ro ). L. Biochem, J. 34: 858, 1940.

9. Lea, G M, and D. N. Rhades. Higchem. J. 56: 613, 1934,
10,
11,

Jucobs, S, dnefyat 813 502, 1956,
Long, C., and D. A. Staples. Biochen. J. 78: 180, 1961,
King., B L, and 1. D. P. Wootton. Alicroanalysis in Medical

Mucracan, Binnntonia, ann Hower,  Efieets of Pure Dictary Phospholinids
d R ! 1

15.
16,
17
18,
19.

20.

. Boucher, C. I}

16779

Biochemiztry. J. and A. Churchill I.td., London, 3rd ed.,
1956, p. 16.

F., C. Prics, and C. M. Van Gent. Re..
Trap. Chim. 80: 1169, 1961.

- Hanahan, D. 1. In Lipide Chemistry. John Wiley & Son

Inc., New York, 1960, p. 88.

Norris, . W, and A. Darbre. Analyst 81: 394, 1956.
Dawson, R. M. C. Biockim. Biophys. Acta 14: 374, 1954,
Rapport, M. M., and N. Alonzo. J. Biol. Chen. 217: 193,
1955,

Billimoria, J. D, V. I. Irani, and N. I. Maclagan. J.
Atherosclorosis Res. 5: 102, 1965,

Billimoria, J. D)., and K. O. Lewis. Chem. Ind. no vol: 1626,
1964,

Hessel, L. W, 1. D Morton, A. R. Todd, and . E. Ver-
kade. Rec. Trav. Chim. 73: 150, 1954,

1. Dawson, R. M. C. Biochem. J. 56: 621, 1954,

Fpstein. B, and B. Shapiro. Biockem. J. 71t 615, 1959,

- Gurry MU L WO FD R Pover, J. N. Hawthorne, and A. C.

Frazer. Nature 197: 79, 1963 (abstract).

4. Maclugan, N. 1., and J. D. Billimoria. Biological Aspects of

Occlusive Vasculur Disease, edited by D. G- Chalmers and
G. A. Greshani. Cambridge, University Press, 1964, pp.
213-219.

217



////Zép/f;w; 281720 (/5w

THl EFFICIENCY OF UTILIZATION OF PHOSPHORUS
BY THE ALBINO RAT!

LAWSON FRANCIS MARCY
Institute of dnimal Nutrition, Pennsylvania State College, State College

(Rteceived for publication February 14, 1844)

The purpose of this study was to compare the rates of absorption
and utilization of phosphorus as present in phytin, in lecithin and iy
disodium phosphate; espeeially in relation to the pI of the alimentary
contents and the phytin-splitting enzyme of the intestinal wall, and as
the facts in these matters contribute to the understanding of the
rachitogenic property of cereals.

Kinsman et al. ('39) gave a method for expressing the utilization
of caleivm in the following terms:

Retention, Perjod A — Retention, Yeriod B

T et RN . = X 100 == per cent utilization
Lutuke, Period A -— Intake, Y'eriod B

This 1uethod of representing efficiency of utilization was followed
in the present investigation, the phosphorus intake in period A being
bigh but not in xcess of the level of maximum efficiency of utilization ;
and in period 13 the infake of phosphorus was just above {he fevel
of equilibrium.

The rachitogenie properly of cereals was attributed by Bruee and
Callow ('34) to the unavailability of the phiytin phosphorus prescut.
Harrison and Mellanby (’39) found that commercial phytin was not
rachitogcuie, whereas, sodium phytate was rachitogenic. They sug-
Fested that the rachitogenie action of cereals is normally due to the
action of the phytic acid in inhibiting the absorption of calcium. Palmer
and Mottram ('39) indicated {hat the unavailability of phytin phos-
Phorus is associated with the disproportion of the levels of ecaleium
“nd phosphorus fed,

Lowe and Steenbocek (’36h) found that phytin phosphorus was
&hsorbed although not as cfficiently as inoreanic phosphorus; but when
the ration contained 39 calcium carbonate scareely any of the phytin
Phosplhiorus was absorbed, They postulated that caleium carbonate

! Authorized for publication on February 10, 10414, ay paper me. 1219 in the Journal Serjes

%! tho Pennsylvania Agricultural Experiment Station,
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18 LAWSON FHKANCIS MARCY

inhibits the action of an intestinal enzyme which normally hydrolyzes
phytin and makes its phosphorus available. In further studies Krieger
et al. (’40a) cowparing inositol-hexaphosphoric acid with inorganic
phosphorus at a Ca/l> ratio of 1:1, found the phytin phosphorus
almost as readily utilized as the inorganic phosphorus. Ilowever,
when the Ca/P ratio was 2: 1 the availability of the phytin phosphorus
was markedly decreased, while that of the inorganic phosphorus was
not markedly sffected. Jones (’39) also found that for rats the Ca/p
ratio had a murked effect on the availability of phytin phosphorus.
Krieger et al. (’40b) found the calcium of caleinm phytate to be as
available as thay of caleium carbonate. MeCance and Widdowson (’85)
have shown that of the total phosphorus of cereals between 41 and 68%
is phytin phosphorus, and that from 20 to 60% of the phytin fed to
humans is exercted unchanged in the feces.

Eastman and Miller (735), reporting on intestinal pII values, found
the plIl higher in rats fed a rachitogenie diet than in rats fed a normal
dict.

Patwardhan (°37) found, in extracts from the intestinal wall of rats,
an cnzyme capable of the hydrolysis of sodinm phytate. Patwardhan
ruled out the pessibility of the enzyme coming from the food because
the enzyme was found present in weanling rats. Lowe and Steenbock
(’36b) were of the opinion that any hydrolysis of the phylin which
takes place in the intestines is due to the activity of the intestinal
flora or to the phytase from the vegetable part of the diet.

EXPERIM EN’]‘AL

The experiment was carried out using growing albino rats as sub-
jeets. These animals were fed a commercial dog food 2 ad libitum
until they reached a weight of about 80 to 90 gm. From this timme on
they received a basal ration in which phosphorus was present to the
amount of 0.12%. This approxiniates the minimum amount for some
growth. Following this basal period the rats were fed rations with
double this amount of phosphorus, 0.25%. The extra phosphorus was
in the form of disodium phosphate, of crude soy bean lecithin,® or of
phytin* In all cases the Ca/P ratio was approximately 2:1. The
0.12% phosphorus chosen for the basal ration was below the amount
indicated by Forbes (’37) as being near the minimum, and not lower
than the 0.113% indicated by Brown ct al. (’32) as producing rickets.

*Purina dog chow. '

Al E, Staley Mfyp. Co.
¢ Pfanstiehl Chewideit Co.
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PHOSPHORUS UTILIZATION 19

For the highey phosphorus rations, 0.25% was chosen ag being below
the 0.257 % indicated by Nicolaysen (’37) as that required for optimum
grow(h.

Tho brisal rations, per LO0O gn., contained 60.0 gm. of wheat gluten,
120.0 gm, of ]zu-tulbmnin, 958.1 gm. of corn sugar,® 80.0 em. of
hydrogenated fat," 70 gin. of butter, 26.0 gm. of ecaleium and phosphorus.
free ealt mixture (Sherman and Smith, '31), 30.0 gm. of cod liver oil,
61.0 gm. of milk vitamin coneentrate,” 5 mg. of thiamine hydrochloride,
245 g of disodium phosphate, 2,68 gm. of caleium carbonate, an
6.77 gm. of sodium bicarbonate, The higher phosphorus rations had
essenfially the same composition exeept that the sodinm bicarbonate
was omitfed and additional phosphorus was added as needed ip the
form of Qisodinm phosphate, erude foy bean lecithin, or phytin, Since
the erude lecithin contained some oil {he amount of faf was cut dowy
to 41.8 e, for {his ration. Caleium sarbonate was added as needed
to bring thie C/P ratio to 2: 1. I all cases the adjustment to 1,000 gm.
of ration was made at the expense of the corn sugar. All rats were
fed 7.14 g, of ration per day.

Rats 1 to 86 used in basal period I and in period IT were litter-mate
triplets (fsble 1). In period IT, on the higher phosphorus, one rat of
the triplot received the disodinm phosphate ration, a second the lecithin
ration, and the third the phytin ration. Periods T and JT were 14 days
long: with colleetion of urine and feces during the Iast 7 days in each
tse. Rats 37 to 64 used in basal period 11T and in period IV, were
litter-mate pairs. Tn period IV, on the higher phosphorus, the first
rat of the pair received the disodium phosphate ration and the second
the phytin ration, Periods 11T and 1V were 21 days long with collec-
fion of uring and feces during the last 14 days in cach case,

In preparation for analysis the samples of feces, urine, or feed were
digested with concentrated sulfuric-nitrie acid mixture, and {hen made
up to volunie. Aliquots of these solutions were nsed to determine
caleium by the MeCrudden (’10; *11) method, and phosphorus by the
Fiske ang Subbarow (’25) method, using a photoelectric technique for
the Iatter.

FoHowin;: period 1V the rats were gassed and the stomach, small
infesﬁne, and cecum were removed. The pH values of the contents
of various segments were determined using a Beckman PH meter
litted with a glass electrode., Following this the small intestines and

* Cereloge, ‘

* Criseo,
"Laben, no. 15-42,

1708



20 LAWBON FRANCIS MARCY

cecum were freed of conlents, washed, and ground in water containing
chloroform.  After auntolysis, filtering, and dialysis, extracts were
obtaiued, almost free of inorganic phosphorus, which contained an
enzyme capable of splitting sodium plhytate with the production of
orthophosphate. This hydrolysis was accomplished by using 1 ml. of
subsirato (approximately 1% sodinm phytate), 2 ml. of buffer (sodium
diethylbarbiturate plus hydrochloric acid) at pH 7.7, and 1 ml of
enzyme extract. These solutions were analyzed for inorganic phos.
phorus at zero hours and after 20 bours at 38¢C,

RESULTS

In all four periods the rats showed no important differences between
groups in the rate of body gain; but, as was expecled, those in periods
HT and 1V gained more beeause of the inercased length of periods.
The average weights of the rats, at {he beginning of the basal collee-
tions, were from 97 {0 101 gin.; and at the end of the higher phosphorus
collection periods from 129 10 135 am. for the shorfer period, and from
148 10 152 g for the longer period, .

Average balances of caleium and phosphorus are given in table 1.
The percentages of ealeium and phosphoras representing direct refen-
tion, and the percentages of caleinm and phosphorus in the urine and
feces, are given in table 2. Also given in table 2 are the percentages
of ‘“‘utilization’” of ealeium and phosphorus, using the Kinsman et al,
(’39) formnla. Table 2 also shows the weights of phosphorus gained
in bone and soft tissue (98% of the caleium refained is in the bone, and
this value i3 2.15 times the weight of phosphorus in the bone). The
weight of pliosphorus retained in the bone was less for the phytin rats.

The average pH values of the contents of different parts of the
alimentary {racts of the disodium phosphate rats were: stomach, 5.85;
upper small intestine, 5.97; middle small intestine, 6.26; lower small
intestine, 7.28; and ececum, 6.39. The correspouding values for the
phytin rats were 5.53, 6.07, 6.38, 7.35, and 6.52. The average pll for
the small intestine alone was 6.50 for the disodium phosphate rats
and 6.60 for the phytin rats. '

In the enzyme experiment, the freed inorganic phosphorus divided
by the availzble phytate phosphorus was taken as the fraction hydro-
lzyed. The kydrolysis varied widely between 3.8% and 21.7%. Phytase
was present iu the extracts of both the disodium phosphate rats and
the phytin rats, but no differences were noted between the groups.
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TABLE 1

b

Average balances of calcium and rhosphorus.

INTAKR ouUTPLT i RETENTION

| |
NTUMBER ’ | i ; . !
or RATION k Trine . Fecce : . Tolal . |
T ! 1 fa ? i : 7 . ; . Ca P Ca/pP
H i . : .
! ‘ s Py G ¥ (a [ P \
T T - !77;7?‘ 7;_.—771;7. ;;mg. ! my. ‘ ma. mgj—-j mg. ; me. o ma. ; me. T
Period 1 ' | i ' - : ) , | :
Nes.1-12 . Basal 1340 0 610 | 280 [OL5 | 322 165 | 6o 180 1 738 | 430 |17
Nos. 13-24 i Baeal ©131.0 : 610 . 256 | 16 | 336 ' 167 |. 612 213 | 728 ! 307 |18
Nos.25-36 | Basal . 1340, 6LO 255 1 17 0 371 ¢ o195 1 eo7 211 1 713 1 309 |18
0 ; i ! i b | b
: ; ! ! ; . i |
Period 1T i ‘ o ‘ | 1 E i i
Nos. 1-12 Bagal + Ne,HPO, | 219.6 ' 1250 68 | 95 | 1027 ¢ 315 | 1004 41.0 | 1102 | 840 13
Nos. 13-24  Basal + leeithin ¢ 2103 123.0 293 | 11 t 910 | 393 . 1200 404 | 998 826 |12
Nos.25-36 | Basal + phytin 2188 | 1155 46 | 109 243 | 4re 0 1380 188, 807 . Ger 51.2
; i | j | | i
Period 11T | . ‘ | E t ‘ f
Nos. 37-50 | Basal 2550 © 1200 1 504 28 1 488 205 | 992 23.4 | 1558 ; 96.6 . 1.6
Nos. 50-64 | Basal 2537 | 1104 | 530 2.8 | 471 | 202 | 1000 23.6 . 1537 | 964 | 16
! o ! : | i i i ;
: | i : : i I |
Period IV ; ; : ! { ! ! : i I |
Nos.27-50 | Basal 4+ Na,HPO, , 4610 | 241.0 ;38 1 380 | 1633 | 521 167.2 | 89.9 f 293.8 | 1511 i 2.0
Nos.50-64 | Basal 4 phytin. . 5080 | 2386 . 385 | 49 | 1851 | 868 | oogg i 016 1 2844 | 1471 | 2.0

NOILVZITIIA SNHOHJSOHd
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DISCUSSION OF RESULTS

The rats of all three groups on {he basal ration, period 1, had
approsimately the same direct retention of caleinm and phosphorus,
On the higher phosphorus rations, period 11, the rats on the disodium
phosphate vation and on the Jecithin ration showed a higher direct
retention of 67.29 of the dictary phosphorus, while the rats on the
phytin ration showed only 57.8% phosphorns retention. The corre.
sponding caleium retentions for period II were 50.2%, 45.4%, and
36.9%, respeclively., Iu terms of the Kinsman et al. (’39) formula
for “utilization’, the rats on the disodium phosphate ration showed
63.9% , those on the lecithin ration 69.2%, and those on the phytiy
ration 49.49% phosphorus utilization. The corresponding caleium utili.
zations were 41090, 32.0%, and 16,15, respectively.

On the higher phosphorus ration, period 1V, the rats on the disodinm
phosphate ration showed a direet retention of 62.7% and those on the
phytin ration 61.7% of phosphorus. The corresponding retentions for
caleium were 63.7% and 06.0%, respeetively. The ““ntilization’’ of
disodium phosphate phosphorus was 45.0% and of phytin phosphorus
42.5%. The corresponding ““utilizations”” for ealeium were 67.0% and
51.5%, respestively. The low utilization of the extra disodium phos.
phate phosphorus is attributed Lo a lower intake of ecalcium, for this
ration, which made caleimn the limiting clement. The bigher amount
of plmbphox us in the urine of the rats on the disodinm phosphate ration

g attributed to the use of phosphorus to eliminate extra sodium,

The pereantage of phosphorus “*utilized”” from plytin is much less
than that divectly retained. This percentage of “‘utilization’ more
nearly represents the phytin phosphorus, whereas, the direct retention
represents both the phosphorus of the bhasal part of the diet aud of
the supplementary phytin,

Phe “utilization?’” of calcium and of pho&phmus varied much from
rat to rat, which accounts for the large standard errors shown in
table 2. These variations in “‘utilization’’ are probably influenced by
differences in the mineral saturation of the rat bodies, both at the
beginning aud at the end of the experimental period.

The larger amount of phosphorus in the feces of the rats on the
phytin rations signifies the poor utilization of phytin phosphorus.
That the calcium did not affect the utilization of phosphorus by form-
ing ealeinm phosphate is shown by the fact that with the same amounl
of caleimn and phosphorus available both the disodium phosphate rats
and the lecithin rats retained the phosphorus as well in period IT as in
the basal period I and better than did the phytin rats in period 11




TADLE 2

Arverage vetention and wtilization of raleivm and phosplorus and dis'vibyfion of phogphorpgt

1

; ‘ ——
RETENTION - ! TTILIATION | TN OTRINY . ¥nong Q FHOSPHORUS GAIN
NUMHRER ! I T *: " . T i i N
oy ' RATION : . In =oft tissue
RATH - : ; . ; ; i In | .
| Ca : P i Ca . P | Ca ! P { Ca t P bonc! | Per
i i | : i i i i f Total !\ o o
. : . % . % ; T ; % 2 O P mg. 1 omg i'm;‘
Period I ; i { | : | ! ! ,‘
b ! H i
Nos.1-12 | Basal P51 E15 | T0.6:14 0 ... C e 209 0 25 241 270 3360 94 ! 10
Nos. 13-24 = Basal CSA3E20 L 651220 | Ll | L S 1181 27 1966 223 ! sael raloqp
Nos. 25-36 : Basal © 53213 1 65421 | ... [ (101 28 276 319 2250 75 00
: ' i ! ' , ‘ ) i | i :
, : ! ! ; | ! | ; :
Period IT Lo [ ’ | i ! ;
Nos.1-12 | Dasal + NaHPO, 50221 | 67224 | 40152 | 639245 | 31, 76 469« 252 ! 502, 338 P32
Nos.13-24  Basal 4 lecithin | 454314 1 @70 =00 po320%41 A2 %09 T 133 0 00 | 413 . 310 . 455 371 2.9
Nos.25-36 Basal + phytin - | 36928 | 578430 | 18146 494270 204 18 431 -41.2 | 368! 200 | 29
| ' | : : ! ; | i | i |
! ! ! ; ; i i
Feriod 111 ! I | | 3 | i | |
Nos. 37-30 | Basal 61116 | 80512 | ... .. .. P 198 241192 171 | 695 200 11
Nous. 50-64 | Basal . 605213 0 80810 | ......... Do 208 1 24 {» 185 0 169 1 704! 260 | 1.0
. ! ! i ! H
; i , ! | |
Period 1V , ‘ ; ! | ! | E :
! ' - . i i : ! ! !
Nos.37-50 1 Basal + Na.HPO, © 63721 | 627%14 | 67.0£53 | 45029 ;0.0 158 | 354 216 1333, 188 | 1.1
Nos. 50-64 | Basal 4+ phytin | 560223 | 61727 | 515351 | 425 £49 | 761 21 364 | 563 11280 232, 10

*Plus and minus values are the standard errors of the mears.
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24 LAWSON PRANCIS MARCY

The higher average pH value of the intestinal contents of the phytin
rats was associated with the higher average amount of phosphornts
in the feces of these rats. The fact that the caleium content of the
feces of both groups of rats was about the same, whereas, the fecal
phosphorus of the phytin group was the higher, suggests that the
higher intestinal pH was not optimal for the activity of the enzyme
phytase. Thiz would tend to limit the amount of phytin phosphorus
available for absorption. This effcet would be in addition to and not
in place of the well.known effeet of pH on the solubility of calcium-
phosphorus silts. The higher intestinal pH of the phytin rats is in
agreement with the higher pH values for rats on a rachitogenic ration
reported by Fastman and Miller (°35).

The detection of an enzyme, phytase, in the extracts of the intestinal
wall in both groups of rats agrecs with the findings of Patwardhan
(’37). However, there was no correlation between enzyme activity
and ufilization of phytin phosphorus. Such a correlation would not
necessarily exist since the utilization of phytin phosphorus would be
affected by conditions other than the frecing of this phosphorus from
its organic combination.

SUMMARY

The utilization of phytin, lecithin and disodium phosphate phos-
phorus by growing albino rats was studied by means of balance experi-
ments, efliciency of utilization being expressed as the difference in re-
tention divided by the difference in intake.

In one experiment disodium phosphate phosphorus and crude soy
bean lecithin phosphorus were utilized to the extent of 63.9% and 69.2%,
respectively. Phytin phosphorus was utilized to the extent of 49.2%.
The corresponding caleium utilizations were 41.9, 32.0, and 16.1%,
respectively.

In another experiment of longer duration the disodium phosphate
phosphorus was utilized to the extent of 45.0%, and the phytin phos-
phorus to the extent of 42.5%. This low utilization of disodium phos-
phate phosphorus was apparently due to a low level of calcium in the
ration which made caleium the limiting element instead of phosphorus.
The corresponding calcium utilizations were 67.0 and 51.5%, respec-
tively. . ,

The higher amount of phosphorus in the feces of the phytin rats
apparently signified lower absorption.

The pH valucs for intestinal contents of individual rats varied much,
but the average pH value, 6.60, for the phytin rats was higher than
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PHOSPHORUS UTILIZATION 25

that, 6.50, for the disodium phosphate rats. This higher average pH
value Tor the intestinal contents of the phvtm rats was associated with
a lower utilization of phytin phosphorus.

The intestinal wall extracts for both the disodium phosphate rats
and the phytin rats showed the presence of a phytate- splitting enzyme.
No correlation was found between the enzyme activity of the extraets
and the utilization of phytin phosphorus. However, the pH of the
intestine may influence the activity of the phytase.
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Lecithins and ysolecithins of Wheat Flour'

MARY E. McKILLICAN, Food Research Institute, Research Branch, Department of Agriculture,

Ottawa, Canada

Abstract

Lecithin and Ivsolevithin fron the bound lipid
of Thatcher wheat endosperm were separated
and purified by column and thin-layer silicie
acid eliromatography.  Lecithin was hydroelyzed
with phospholipase .4 (Crotalus adantantens)
and the produets isolated and purified by silicic
acid chromatography. The fatty acid composi-
tion of the original lecithin and Iysolecithin and
of the hydrolysis products was determined by
gas-liquid chromatography.

The fatty acids in the beta position of the
lecithin were found to be almost entirely un-
saturated. whereas those i the alpha position
were saturated and unsaturated in nearly equal
amounts. The differences bhetween the fatty acid
composition of the original lysolecithin and that
of the lysolecithin obtained by hydrolysis of le-
cithin with phespholipase .4 sugrested the pres-
ence of both alpha and beta aeyl species in the
naturally occuwrring lysolecithin,

Introduction

HE STRUCTURE OF LECITHINS and their fatty acid
distribution have been studied by hydrolysis
with phospholipase .1 (1). Earlier work suggested
that the exter bond with unsaturated fatty acid was
hydrolyzed more readily (2.3). More recent work
(4-8) has shown that phospholipase .1 speeifically
hydrolyzes the ester bond at the beta position. The
large proportion of unsaturated fatty acids found
in the beta position had given rvise to the carlier con-
clusion that unsaturated acids were preferentially
liberated. Definite positional specificity has been es-
tablished by de Taax and van Deenen () who found
that only stearic acid was released when synthetie
a oleovl A stearoxd Jecithin was hydrolyzed by phos-
pholipase A from snake venom (Crotalus adanon-
teus). Thus phospholipase .1 hydrolysis can be used
to determine the positional distribution of fatty acids
in lecithin.
The lipids of wheat endosperm have been studied
in this luboratory. The free and bound lipids from

three different types of wheat were separated into

their component elasses and the differences within
and hetween classes studied +9). The components of
the phospholipids and elyeolipids were also separated
and compared 1100, A study of the fatty acid dis-
tribution in lecithin from Thateher wheat will be
reported in this paper.

Experimental and Results

Extraction

Flour was milled (% from Thateher wheat, The
extraction was carried out in two stages. The free
lipids were extracted by shaking 20 ¢ flour with 180
mi cold (1€ deoxygenated hexane and centrifuging
at 5 to 12C. The bound lipids were released by shak-
ing the hexane-extracted residue with 180 ml water
sitturated butanol for 1 hr at 1€ in stoppered c¢en-
trifuge bottles. The suspension was centrifuged for

1 untribution No, 45, Fond Research  Institute, Reaearch Hranel,
Canada Department of Agricalture, Gttawa, Canada.
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1 hr at below 15C and the solvent removed fromp the
extract in a rotary evaporator at below 35t 1y
lipid was kept under nitrogen atmosphere at all 1,

Purification and Separation of Lipid Components

The lipid thus extracted was purified by Ditssage
through a column of Sephadex (11) to remov. nm:
lipid contaminants. The purified lipid was f,-m,.
tionated by means of silicie acid column ('l||wnmto«r'
raphy as deseribed by McKillican and Sims 4 '“';‘:
lecithin- and lysolecithin-rich fractions were furth,,
purified by TLC using chloroform-methunol-way,
(65:25:2) as developing solvent. The lipid was thy,
eluted from the silica gel with chloroform-methgy

(1:1).

Phospholipase A Hydrolysis

Crotalus adamanteus venom (Ross Allen Reptiles)
provided the phospholipase 4 used in this Stud A
Hydrolvsis of the lecithin was carried out essvntiall*
according to Long and Penny (12). The venom wy,
dissolved in 0.005 » aqueous caleium ehloride ip th;,
proportion of 1 mg/ml. Fifty microliters of this .
lution was added to 6 to 8 mg of lecithin in 5 m] (f
diethyl ether. The hydrolysis was carried out wit)
continuous shaking under nitrogen atmosphere, angd
was essentially complete in 21 hr. The time neces.

~sary for completion of the reaction was determineg

by monitoring with thin-layer chromatography
(TLC). The aliquots of the hydrolysis mixtur
taken for TLC were developed with chloroform.
methanol-water (65:25:2) and the spots revealed by
iodine vapor (13) or Dragendorff reagent (14). The
reaction was considered complete when no leeithin
was detected. When the hydrolysis was complete the
mixture was evaporated to dryness under nitrogen
and the residue dissolved in anhydrous deoxygenated
chloroform. The reaction products were separated
on a 1.0 em LD. column containing 2 ¢ of 325 mesh
silicie acid (Bio-Rad Laboratories). Fractionation
was accomplished by solvents of increasing polarity
from pure chloroform to pure methanol (15 ml of
100:0, 30 m] of 75:25, 30 ml of 50:50, 15 nl of 237,
45 ml of 0:100). The free fatty acids from the cob
wmn were methylated (15) and the methyl esters and
lysolecithin were purified by means of TLC aud
weizhed. The recovery of methyl esters of fatty acids
was 3.9 mg per 10 mg lecithin (theoretical 3.7 mg
and of lysolecithin 6.6 mg per 10 mg lecithin {the
retical 6.7 mg).

Fatty Acid Oomposition

The original lecithin and lysolecithin as well &
hydrolysis products were transesterified with boror
trifluoride in methanol as deseribed by Morrise
(15). The methy] esters were purified by developing
with hexane-diethyl ether-acetic acid (90:10:1) o
thin-layver plates. The purified methyl esters wer
eluted from the silica gel with chloroform-methan
and analyzed by gas-liquid chromatography (GLC!
A column 6 ft long containing 59 DEGS on Gﬂs
Chrom Q was used at 178C in a Research Speclﬂl'
ties series 600 gas chromatograph operating with
flame ionization detector. Percentages were call
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Jated from calibration curves obtained by the use
of an internal standard. As shown in Table I, the
p,-incipal fatty acids were palmitic, oleic and linoleic
geids. The fatty acid composition of the beta-position
in lecithin was determined by the fatty acids ob-
tgined by hydrolysis. The unsaturated fatty acids
gmounted to 96.9% and linoleic alone contributed
more than 75% . The fatty acid composition of the
alpha position was determined in two ways: (a) by
gifference between the beta position and the tofal
composition of the original levithin: and (b) by the
analysis of the hydrolyzed lysolecithin.  As deter-
mined by both methods, saturated and unsaturated
acids were present in approximately equal amounts.
Palmitic acid was the largest single component.

Discussion

The beta position of the levithin was occupied
primarily by linoleic acid. In the alpha position
there was slightly more palmitic than linoleice.

The total saturated fatty acid in the beta position
was 3.19, thus the maximum beta-saturated species,
ie. 88+ U8, in lecithin was 3.1% (US =a unsatu-
rated, 8 saturated). Similar fatty acid distribution
has been found in other plant lecithins. Privett (16}
found no SS in sovbean lecithin and ouly a trace in
saflower lecithin. In the alpha position the total
saturated fatty acid was 59.29% thus the SU species
was between 56.1 and 59.2% (817 = 8 unsaturated,
a saturated ). Similarly the UU species amounted to
between 87.7 and 40.8% of which up to 36.5% could
be dilinoleoyd lecithin, A relatively high proportion
of U1 species is charaeteristic of plant lecithins; ani-

TABLE 1
Fatty Acid Composition
Mole %
. T 3 lecithi
Fatty Original __;Tlidriﬂ_’_li:{%.m —-
acid Lecithin Lysolecithin posi‘l)i:):xl posiet}:n"
8:0 257 437 55.0 3.1
18:0 0.7 0.8 4.2 o
181 11.1 5.4 4.3 154
18:2 60.5 48.1 38.5 774
18:3 2.0 2.0 0 4.1
—_—" 20

:Lyﬁolccithin obtained by hydrolysis.
Free fatty acids obtained by hydrolysis.
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mul lecithing, by contrast, have much lower UU, 2
to 10%.

Lysolecithin was shown by TLC to be present in
the original wheat endosperm extract before column
separations were carried out, and thus was primarily
naturally oceurring and not & product a transmeth-
ylation by methanol on the silicie acid eolumn. The
native lysolecithin contained more linoleic and less
palmitic than the alpha position of lecithin, More-
over, the native lysoleeithin contained 2% linolenie
acid whereas none was found in the alpha position
of lecithin,  Assuming that the fatty acids occur in
the same position in native lysolecithin as in lecithin,
these differences suggest that the native lysolecithin
is a mixture of alpha and beta acyl species. Both
species were found by Tattrie (8) in animal lyso-
leeithin, Van den Boseh (17) studied the fatty acid
distribution of rat liver lecithin, naturally oceurring
lvsolecithin und lysolecithin produced by phospho-
Hpase 4 hydrolysis. He found diffevences indicating
that the beta species amounted to 33% of the natu-
rally occurring lysolecithin,

The lysolecithin in the endosperm lipids of Thatcher
wheat thus appears to be a naturally occurring con-
stituent, made up of both alpha and beta species.
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SUMMARY

1. Intestinal absorption and metabolism of lysolecithin and lecithin has b, 0
studicd using harster and rat intostinal slices and inverted sacs, and lcholine-Me-ati .
[acyl-*H lysolecithin and lecithin as substrates.

2. The physicochemical form of the substrates has been, for lecithin, either 4
liquid crystalline dispersion in buffer or mixed lecithin. sodium taurodeoxycholate
micellar solutions, and for Ivsolecithin, either a micellar solution in buffer or mixed
lysolecithin-sodium taurodeoxyeholate micellar solution. The classification of the
physicochemical form of the substrates has been derived from their behaviour on gel
Sltration.,

3. Lysolecithin is well absorbed and metabolized mainly to lecithin.

4. The uptake and metabolism of lysolecithin is not influenced by the presence
of sodium taurodeoxycholate in the medium.

5. The absorption and metabolism of lysolecithin is the same in slices from all
levels of the small intestine except the most distal part.

6. No definite evidence could be obtained that lecithin is absorbed intact.

INTRODUCTION

It has long been assumed that phospholipids are hydrolyzed in the intestinal
tract during absorption, and enzymes capable of splitting phospholipids have been
found in many tissues including pancreas, pancreatic juice and intestinal mucosa,
ARTOM AND Swanson! studied the absorption of *2P-labeled phospholipids in rats
and found evidence for the absorption of 32D partly as the intact phospholipid mole-
cule and partly as 3P, or glycerophosphate.

BLoNSTRAND® obtained evidence for some absorption of intact phospholipids
by feeding doubly labeled phospholipids to rats with a thoracic duct fistula. He found
that when feeding acyllabeled phospholipids, a much larger part of the active fatty
acid was obtained in the phiospholipids of thoracic duct lymph than when feeding

Biochim. Biophys. Acta, 137 (1967) 240-254
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The lecithin was isolated by silicic acid chromatography *'. The lysolecithin-cadmium
chloride complex was prepared from egg lysolecithin. {o-Palin rtoyl-3H ] lysolocit.hin was
prepared from 3H, jpalmitoyl lecithin as described above for lysolecithin, Radioactive
purity was checked by thin-layer chromatography, and was better th'an 959, .(rcf. 18). .
Choline-Me-3H jlecithin: *H-labeled methyl choline was injected intraperitoneally
into a rat fed a choline-free diet for 10 days. About zoh after injection the rat wa.
killed, the liver was homiogenized and extracted with chloroform-methanol, 2:1. Th.
Jecithin was isolated by =ilicic acid chromatography . ‘a-Choline-Me-*H llysolecithi

was prepared from choline-Me-3H Hecithin as described above for lysolecithin. {Ch

Ui Me-3iT - glveeryiphosphoryleholine was prepared from [choline-Me-3H]lecithin®

ENXPERIMENTAL

Gl filtvation experiments

The gel was swollen in 0.15 M NaCl solution and packed in columns with :
diameter of 16 mm and with a total gel volume of 50-60 ml. When the column wa-
ta be eluted with a solution other than o.15 M NaCl, it was pre-equilibrated by run
ning at least 2 colurun volumes of the actual solution through the column. The columns
were run at room temperature with a drop flow of 10-20 ml/h. A drop counter wa-
used, but because of variations in drop size (depending on variations in surface ten-
sion) the fractions were also weighed in preweighed test tubes. Generally, fractions :
close to 1 ml were collected 't The solution to be studied (volume 1 ml) was applied
to the column and the column then eluted with about 70 ml

TABLE 1
GEL FILTRATION OM SEPHADEX (3-100 COLUMNS OF LECITHIN OR LYSOLECITHIN ALONE OR IN COMBINATION w7,
BILE SALT AND MONOOLEIN

The sodium taurodeoxycholate coneentration used was 6 gmoles/ml. Lecithin in 0.15 M NaCl forms a liqui
crystalline state with large aggregates, which are completely excluded from the inner volume of Sephadex G- .
(ref. 1). Lysolecithin in 0,15 M Na(l forms a micellar solution with an aggregate size somewhat below 10000
(refs. 6, 71, When sodium taurodeoxycholate is added, mixed bile salt-phospholipid micelles are formed, whicy
are somewhat larger than the pure sodium taurodeoxycholate micelles 2222 Monoolein and phospholipids in .
bile salt solution were eluted in the same peak indicating the formation of mixed monoolein -phospholipid-bi.
salt micelles somewhat larger than the pure bile salt micelles.

Expt. Sample applicd Eluant Ko Physical form Aggregate
weight
t  TLecithin (2 or 10 gmoles) o015 M NaCl o Liquid crystalline 100000
2 Lecithin (2 gemoles) o.15 M NaCl 4 .
sodium taurodeoxycholate  0.45 Mixed micellar 15000
3 Lecithin (10 smoles) 0.15 M NaCl 4
sodium taurodeoxvcholate o0.30 Mixed micellar 30000
4  Lecithin {2.5 gmoles -+ o.15 M NaCl +
monoolein, 2.5 gmoles) sodium taurodeoxycholate  ©.40 Mixed micellar 25000
5  Lysolecithin (0.1 gimole) o.15 M NaCl — Micellar —
6  Lysolecithin (1.2 or
10 ymoles) o.15 M NaCt 0.03-0.10 Micellar 80 0oo-10000¢
7 Lysolecithin (10 gmoles) 0.15 M NaCl + lysolecithin o.17 Micellar 80000
8  Lysolecithin (2 gmoles) o.15 M NaCl 4
sodlium taurodeoxycholate  0.45 Mixed micellar 15000
g Luysolecithin (1o gmoles) o.15 M NaCl
sodium taurodeoxycholate  0.33 Mixed micellar 25000
1o Lysolecithin (2.5 gmoles -+ o.15 M NaCl 4
monoolein, 2.5 pmoles) sodium taurodecoxycholate  0.48 Mixed micellar 15000

Biochim. Biophys. Acta, 137 (1907) 240-254
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labeled free fatty acids. A considerable amount of activity, however, was also found
in the neutral fat of the lymph, mainly as triglyceride. BLOMSTRAND concluded that
an extensive hydrolysis of phospholipids occurs during absorption but that part of
the phospholipid is absorbed ss intact molecules.

BLoMSTRAND ? also studied the effect of bile on the abserption of phospholipid
by feeding acyl-labeled glycerophospholipid to rats with both the thoracic duct and
the bile duct cannulated but with free passage for the pancreatic juice to the duo-
denum. He found that bile is not obligatory for the absorption of phospholipid fatty
acids and that the absence of bile does not influence the distribution of activity into
phospholipids and the neutral fat of the lymph. Without bile, however, only one-third
of the absorbed phospholipid fatty acid was transported by the thoracic duct Iymph
as compared with the normal conditions.

One phospholipid-splitting enzyme of the pancreatic tissue is a phospholipase
A capable of splitting off the g fatty acid of diacyl-phospholipids giving the correspon-
ding a-lyso compound as the product®. Lecithin is the predominant phospholipid
supplied to the intestinein the bile and in the diet, and a-lysolecithin is the predomin-
ant phospholipid specimen found in the intestinal lumen®. It has recently becn
demonstrated that pancreatic lipase splits off the 1-linked fatty acid of lecithin during
formation of #-lysolecithin®.

The intestinal mucosa contains enzymes capable of splitting the acyl bonds in
both lysolecithin and lecithin?®. The enzymes appear to be associated with ribosomal
structures®.

In the present experiments the intestinal absorption of lecithin and lysolecithin
has been studied i vitro using rat and hamster intestinal slices and specifically la-
beled substrates. The physical form of the substrates has been, for lecithin, either a
liquid crystalline dispersion in buffer or a mixed lecithin-sodium taurodeoxycholate
mitellar solution, and for lysolecithin, either a micellar solution in buffer or a mixed
Ivsolecithin- sedium taurodeoxycholate micellar solution. The basis for this classi-
fi ition was derived from gel filtration experiments.

Y TERIALS

Sephadex G-100 (TO 5218) was obtained from Pharmacia, Uppsala. Sodium

wodeoxycholate was synthesized according to the method of Normax? as moditied.

HorMann®. The purity was better than g89;. Crude egg lecithin was obtained

m the Vitrum Company, Stockholm. Glycerylphosphorylcholine -cadmium chloride
nplex was prepared from crude egg lecithin®. [Oleovi-9,10°11, " lecithin and Pul-
toyl-g,10%H,] lecithin were prepared by acylation of the glveerviphosphoryletoline-
Imium chloride complex with the acid chlorides ' The lecithin was puritied by
sicie acid chromatography ', a-Lysolecithin: 1oo mg pure egy fecithin wis cnulsified
i1 3 ml phosphate buffer (pH 7.0) containing 2 mg bee venom phospholipase A 73 ml
¢iher was added, the mixture then being shaken vigorously and stored at room tem-
perature for at least 3 h'e Lysolecithin was isolated by 3 extractions using ether-
pctroleum: ethanol- phosphate buffer (pH 6.3;3:3:101, by vol). The lyvsolecithin
was extracted from the combined lower phase with chloroform. The purity of the pro-
duct was checked by thin-laver chromatography. -Oleovl-g,10*H ] lecithin was pre-
pared by acylation of lysolecithin -cadmium chlor ide complex witholeic acid chloridet?,

Brockon. Broplvs. Acha, 137 (ranTs Dpe 25y
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To indicate the void volume, blue dextran with a molecular weight of 500000
was used. The concentration of blue dextran was measured at 600 my. Radioactivity
was determined by liquid scintillation counting using a Packard Spectrometer and a
dioxan-naphthalene solution {1 ml of eluate 4 10 m! scintillation fluid)?s.

The types of experiments performed are shown in Table I. In expt. 7 the column
was eluted and pre-equilibrated with a labeled lysolecithin solution having the same
specific activity as the sample and with a concentration well above the critical micellar
concentration of lysolecithin. Assuming that the concentration of molecularly dis-
persed lysolecithin is the same at any concentration above the critical micellar con-
centration, the lysolecithin mucelles of the sample meet the same environment of
molecularly dispersed labeled lysolecithin as in the sample when passing the column,
and the effects of the rapid cquilibrium between micellar and molecularly dispersed
lysolecithin are eliminated.

Incubation experiments

(a) Preparation of incubation medium. Labeled lecithin or lvsolecithin were
stored in dilute chloroform solution in the cold. The chloroform was evaporated from
aliquots of these solutions and the desired amounts of Krebs-Ringer and sodium
taurodeoxycholate solutions were added and the lecithin or lysolecithin dispersed by
agitation. Iinally the solutions were adjusted to the concentrations desired in the
different experiments by adding Krebs-Ringer buffer (pH 0.3) with or without sodium
taurodeoxycholate. The solutinns containing lecithin or lysolecithin in sodium tauro-
deoxycholate were always clear as were the solutions of lysolecithin in buffer. Dis-
persions of lecithin in buffer without bile salt were turbid.

(b) Tissie preparation. Intestinal slices were prepared from everted hamster or
rat small intestine by the procedure of Acag, Higp axD SIpLENT and JOHNSTON
AND BorGet koM 7. Inverted sacs were prepared by tying the ends of a 2.5-cm long
picee of gut.

(¢) The incubations were carried out in 1-ml solution containing 130 -200 mg
wet weight of intestinal slices or saes and 1o gmoles glueose 'ml, All solutions were
sassed with oxygen for approx. 1 I prior to addition of the tissue and the incubations
vere carried out at 37° in a reciprocating shaker for 1 I under oxygen.

() Extracting procedure. Tollowing the incubation, the incubation mediun was
poured off and the slices were washed twice with 1 ml of o.15 M Nadl containing
2.4 pmoles of sodium taurodeoxycholate per ml. The washings were combined and
xtracted with 18 ml chloroform methanol (2:1, by vol.). The intestinal slices were
homogenized in 3 ml chloroform methanol (221, by vol) the tube was washed twice
with 3.5 ml chloroform -methanol (2:1, by vol) and the combined washings and
homogenate were equilibrated against 4 ml o.15 M phosphate bufter (pt o5 The
upper phases were withdrawn and the chloroform phase was dried with water-free
Na,S0,, filtered and evaporated to dryness. 5-69, of the lysolecithin is lost to the
upper phase in this extraction procedure.

() Separation of the lipuds. The extracted lipids were dissolved in 1 ml chiloro-
aken directly for scintillation counting; 100 gl was resolved by
raphy on dlicica gel-Goplates using chloroform- methanol-acetic
18, The spots were scraped off and eluted with 4 ml
(0:9:1:1, by vol.) into the scintillation flask,

form. 100 g was t
thin-layer chromatog
acid-water (50:25:8:.4, by vol)
chloroform methanol- formic acid -water

Biochin, Blophyvs. Tcta, 137 (00070 D 23y
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the mixture being blown to dryness with air. The lysolecithin spots were eluted wity
4 ml ehloroform methanol formic acid water (4:14:1:1, by vol) and then handled
in the same wav as the lecithing For the separation of the neutral lipids and L’Ltty
acids another I;)()~/l| sample was applicd to the same type of silicic gel plate ang
chromatographed in hexane cther-methanol-acetic acid (go:20:3:2, by vol). Licuid
scintillation counting was performed using a Packard spectrometer and dioxane

naphthalene solution ', .

yvpes of slice Lucubations performed

Nathstiate

[. 3H Olete acid

ab o1 pmole
b) 1 pmole

c) t pmole

d) 1 pmole

Aledium

Krebs-Ringer buffer + 2.4
pmoles sodium taurodeoxycholate
Krebs--Ringer butter - o8
femole lysolecithin

Krebs-Ringer butter
Krebs—Ringer butter -+ 2 gmoles
Ivsolecithin

H. "Palmitovl-3tLlysolecithin

a) t gmole

2 pmoles
1 gmole + 1 pmole
oleic acid

2 gmoles + 2 pmoles
oleic acid
b} . gmoles

c) 2 pmoles

d) 2 pmoles

C. {Choline Me->H Jlyso-
lecithin

a) 1 gmole 4 1 umole
oleic acid
2 gmoles + 2 ymoles
oleic acid

b) 2 pmoles

¢) 2z pmoles + 2 gmoles

oletc acid
ditto

Krebs-Ringer bufter 4 2.4
pmoles sodium taurodceoxycholate
ditlo

ditto

ditto

Krebs--Ringer bufter + 0-6
pmoles sodium taurodeoxycholate

Krebs--Ringer buffer

Krebe=Ringer buffer + 2.4
pumoles sodium taurodeoxycholate

Krebs-Ringer buffer + 2.4
pmoles sodium taurodeoxycholate
ditto

Krebs- Ringer buffer - 0-6

Tvpe of slices

Sliced from the upper third
of the small intestine

ditto

ditto
ditio

Mixed from the upper third
of the small intestine

ditto

ditto

ditto

ditto

Slices from different levels
of the small intestine

ditto

From the upper third of the
small intestine
ditto

From the upper third of the

pmaoles sodium taurodeoxycholate small intestine

Krebs-Ringer buffer

Krebs-Ringer buffer + 2.4
pmoles sodium taurodeoxycholate

Different incubation times 5-60 min.

D. [Choline Me-*H )—glyceryl

thosphorylcholine

2 pmoles

Krebs-Ringer buffer

Biochim. Biophys. Acta, 137 (1967) 240-254

Inverted sacs from the upper
half of the small intestine
ditto

From the upper third of the
small intestine
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T T e e e

um Type of slices

Substrate Medi

E. [®H |Lecithins

a} 1 umole (3-oleoyl-3H |- Krebs -Ringer buffer From the upper third of the
small intestine

lecithin
2 pmoles [f-oleoyl-3F1 - diito dilto
lecithin :
I gemole [f-oleoyl-2H |- Krebs-Ringer buffer 2.4 ditto
lecithin #moles sodiurm taurodeoxveholate
2 pmoles [f-oleoyl-3H - ditto ditto
lecithin
b} 2 pmoles ditto Slices from rat fasted for 23 h
2 pmoles ditto Slices from rat without pancreatic
flow into the intestine for 24 h
¢} 2 umoles [x,f-dioleovl-  ditto Mixed slices from the upper
SH lecithin third of the small intestine
ditto Krebs-Ringer buffer ditto
d) 2 gmoles [choline- ditto ditto
Me-3H Jlecithin
ditto Krebs- Ringer bufter | 2.4 ditto
pmoles sodium taurodeoxycholate
RESULTS

Gel filtration experiments
Lecithin dispersed in o.15 M NaCl was eluted with the void volume in a single
peak (Fig. 1a). a-Acyl-lysolecithin under the same conditions was cluted in a single
peak corresponding to a Ny ‘ref. 19) of 0.03-0.10 (Fig. 1b). With 10 gmoles applied
to’the column o % of the active substance was recovered in this peak; with 2 gmoles,
705, and with 1 gmole, 359, A constant amount of activity per ml was present in
all the fractions between the peak and 1y, The fractions after 1’y contained smaller
“mounts of activity. When o.1 gmole was used a low recovery was obtained with no
Cefinite peak. When the coluinn was pre-equilibrated with a lysolecithin solution of
he same specific activity and a concentration above the critical micelle concentra-

ion a Ky of 0.05 was obtained.

When eluted in sodium taurodeoxycholate-NaCl solution both lecithin and
vsolecithin were eluted in a single peak with Ku, values between 0.30 and o.435 de-
ending on the concentration of phospholipid in the sample applied to the column.
he higher the phospholipid concentration the lower was the Kay.

When [*H jlysolecithin or {3H jlecithin was applied in a solution of bile salt con-
aining [MCjmonoolein both the 3H and MC activities were eluted in a single peak
vith Ky values between 0.40 and 0.48.

The results of the gel filtration experiments are shown in Table 1. The aggrogate
weights have been calculated from the data of LAURENT 1 assuming a spherical form 27,

Intestinal slice and sac experiments

A. Oleic acid. When sodium taurodeoxycholate was present in the medium
37-709, of the activity was taken up per 150 mg slices. Without bile salt in the
medium the uptake was 21 -47 " prr 150 mg tissue. When no bile salt was present,
the presence of lysolecithin in the medium did not influence the uptake (g, 2).

Beockim. Biophys, Aita, L37(ao7) e 25y
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Fig. ta. 1 gmole lecithin eluted on Sephadex G-100 in 0.15 M NaCl. The lecithin forms large liqu.;
erystalline aggregates which are completely excluded from the inner volume of the gel, and - |
detectable amount of active lecithin is found in the fractions following the peak (between 1,
atrrows), indicating the absence ol molecularly dispersed lecithin. The lecithin solution couy. i
therefore be elassitied as being non-micellar. 1b. 1 gmole lysolecithin eluted on Sephadex G-1o6
in 0.15 M NaCl. Kgy of the peak volume contaming lysolecithin micelles corresponds to that of ;,
spherical molecule with a weight 80000 -100000. The fraction following the peak volume contains
nwlecularly disperse? lysolecithin. Thus lysolecithin in water could be classified as a micellur

solution.
3 . .
[H]oleuc acid

Uptake

s ) % n

«—— Distribution

Tissue

Medium

50
*lo

O

[hif} e R o

FA TG LL L FA TG LL L

2. Go uptake per 150 mg tissuc (upper) and distribution of activity in medium, (lower left)
and tissue (lower right) after incubations of {*H loleic acid with intestinal slices. 4-6°%, of the
absorbed fatty acid is incorpurated into lecithin, One column is the result from one incubation.
Hatched areas, no sodium taurodeoxycholate or lysolecithing open areas, 2.4 gmoles sodium tauro-
deoxycholate; black arcas, 2pimoles lysolecithin, FA, fatty acid; TG, triglyceride; L.L, lysolecithin;
1., lecithin,
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. 3a. % uptake per 150 mg tissuc (upper), and distribution of activity in the medium {middle)

d tissue (lower} after incubating intestinal slices with 2 gmoles [a-acyl-*H lysoleathin, One
fumn is the result from one incubation. Part of the Ivsoleeithin is split by lvsolecithinase trom

« mucosal cell, but a considerable part of it is absorbed intact and converted to lecithin by the
ces. No influence of sodium taurodeoxycholate was abserved. Fach columnis the result of one

< <periment. The columns are in order of size. Open arcas, no sodium taurodeoxyveholate; hatehed
-as, 2.4 pmoles sodium taurodeoxycholate. IFA, fatty acid; TG, triglveeride: LU, Dysolecithim:
lecithin, 3b. 2, uptake por 150 mg tissue after incubating intestinal slices with dmole (uppet
‘t) or 2 gmoles (upper right) “x-cholive-de-3H Mysolecithm anel distribution of activity (v pneh
iddle figure; 2 pmoles: lower figure). 4o- 50°%, of the Tvsolecithin is sphit by Ivsolecrthinase v
e mucosa aml the activity found in water-soluble substances. A constderable part of the Ty
Fcithin, however, is absorbed intact and converted to lecithin by the slices, probably by a direct
"l‘ylatioh, Ome column is the result from one incubation. The columns represent U, activity still
present in Hpid form after incubation. Hatched arcas, 2.4 pmoles sodium tauradeoxveholate open
areas, no sodinm taurodeoxycholate, LI, Ivsolecithing L, lecithin, 3e. 7, uptake per 130 mg tissue
{npper) and distribution of actiy ity in the mediom (midile) and tissue (lower) after incubation of
mtestinal slices with jecevi-3LIvsolecithin in a medium contaming different concentrations of
sodium tauredenxveholate, No influence of the bile salt was observed, FAL fatty acid; TG, tin-
Blveeride; 1, lecithin: L1, esolecithing gd Uptake per 150 mg tssue (upper) and distribution of
aetivity in the mediam (middbe) and tissue (lower) after incubation of shices [rom ditlerent fevels
of the small intestine with @ gomoles xeat v 3H Hvsolecithing Noo s the most proximal part; No o 8
The most distal, Noospoarteant dittrences the uptake and converston of Ivsoleathim wen b

served except lor the Tow uptiche m the most istal part. Pach cofumn s the 1 sult ot one meuba
ton. 1A, Lty acnd; TG trigh canles Ho fecithing, L fvsoloathnm
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After incubation all activity in the medinm, except small amounts as trigly-
cerides, was found ax froe fatty acids, Tn the slices generally 20 65, of the activity
wrides, 10-307, into free fatty acids and the renaining
part into diglveerides, monoglyveerides and lecithin, 469, of the ;u'ti.\'it.y of the slicey
was found in tecithin (Fig. 2). When 0.5 8 pmoles unlabeled lysolecithin was added
to the medium, the incorporation into lecithin increased to 6 g7 (Fig. 2).

12 Lvsolecithin A ith acyl Jabel 48 747, of the activity was found in the slice
por 150 g ts-ue (P 3 of the “.H choline label, 457_()0')0 ()fﬂ;u‘ilVlt_V still presen
i Ly formeatter ineubation was found per 150 mg tissue (Fig. 3b). 4o-307, wa
jotnd ws water-soluble substances. When the sodium taurodeoxycholate concentr:
tion was varied fron zero to 6 gonoles per ml no difference in the uptake could |
abserved (Figs 30}, The uptake was the same with slices from different parts of th
Ll intestine except with shees from the most distal part (Iig. 3d). In the expa
ments with inverted saes, 12139, of the activity added was taken up by 150 n
ieste in 0o ming Addition of sodium taurodeoxycholate to the medium did not gix
any significant change in the uptake atany incubation time. In asac with the seros:

was incorporated into triglye

side aguinst the medium a very small uptake was observed. When the sac had bec
heated to 100° for 1 min before incubation, good uptake but no acylation to lecithi
was obrerved.

Distribution of aciivity. (1) io-Palnitoyl-31 lysolecithin, After incubation 30
70%, of the activity was found in the wedium as lysolecithin, 15-25%, was free fatty
acid and generally rather small amounts were found as triglycerides, diglycerides,
monogheerides and tecithin. The relationship between lysolecithin and free fatty acid
activities was the same whether sodium taurodeoxycholate was present or not, and
it did not vary when slices from different levels were used (Fig. 3a, Table I1).

In the slices, 22 64°, of the activity was found in the triglyceride-fraction
21-5G°, in lecithin and the rest in diglycerides, monoglycerides and free fatty acids.
Quite small amounts of activity were found as free fatty acids, when slices from the
upper third of the intestine were used. In the distal part more activity was in free
fatty acids, there being a corresponding decline in the triglyceride activity. The sum
of triglyceride and frec fatty acids activities was about the same for slices from all
levels of the small intestine. No difierences in the distribution of activity were ob-
served when an equivalent or larger amount of unlabeled oleic acid had been added
to the incubation medium (Figs. 3a, 3¢, 3d, and Table I1).

(2) (Choline-Me-*H]lysolecithin. In the medium after incubation 78-94% of the
lipid activity was in the lysolecithin fraction and the remaining part in the lecithin
fraction. 40-50% of the activity added was lost to the upper phases when extracting
with chloroform-methanol (2:1, by vol.). When acyl-labeled lysolecithin was used,
the loss to the upper phase was negligible. The loss from the [choline-"H lysolecithin
medium is probably due to the formation of [choline-*H]glycerylphosphorylcholine
due to lysolecithinase activity. When [choline-Me-H]glycerylphosphorylcholine was
incubated, no activity was incorporated in lecithin or lysolecithin.

In the slices morc than 709, of the activity was found in the lecithin fraction
indicating a fairly complete acylation of the absorbed lysolecithin. The remaining ac-

- tivity was found as Iysolecithin (Fig. 3b).

C. Lecithin, When [B-oleoyl-*Hlecithin and (e, f-oleoyl-3H lecithin were incu-

bated, varying uptakes were observed. The uptake varied between 7 and 369, when

Biochim. Biophys. Acta, 157 (1667) 240-254
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TABLE 11

The mucosal cells contain consideratile lysolecithinase activity and during the incubations a large
part of the fatty acid is sphit off and found as frec fatty acid in the medinm and as glyceride and

free fatty acid in the tissue. The ph')sphohpi(l activity after incubation is mainly 1n lecithin in
the stices and in lvsolecithin in the medinm. Each figure is the result of one incubation.

[a—Acyl»"H]lysolel:ithin Distribution of activity info phospholiprds,
. glycerides and free fatty acids

AP'/-zVUVS[»J}EI'szds % (Eﬁkf{r’uzdl};j 7]1"(’
fatty acids) %o

[a-Palmttoyl—"lljlysnlvcithm (2 pumioles) 39 o1
with sodinm taurodeoxvcholate 33 Mean, 32 67 Mean, Go

31 09

26 74

ditlo + 2 pmnlcs oleic acid 50 50
40 Mean, 42 vo Mean, 58

37 63

[wOleoyl—"}1]l_vsolccxthin junoles with 61 39

sodium tanrodeoxycholate 2 53 47
47 Mean, 46 53 Mean, 54

42 58

32 63

ditto without sodium taurodeoxycholate 07 33

bh 34

62 38

53 42
54 Mean, 53 40 Mean, 45

51 49

51 49

45 55

43 57

1a-I’almimy1—'"'l'{\1_\'5(:)lccithin 1 gunole with 53 17
sodium taurodeoxycholate 1 nmole 45 Mean, 43 55 Mean, 57

oleic acid 43 53

32 03

'ifto without oleic acid 39 61
34 Mean, 34 66 Mecan, 00

33 7

32 08

10 bile salt was present and between 7 and 637 when sodium taurodeoxyeholate
vas added to the medium (Ing. 4). In two experiments with 13t fchnlim-—lccithin only
3-59%, of the total activity was associated witlt the slices when the incubation was
performed in Krebs- Ringer buffer and §-10°;, when sodium taurodeoxyeholate wis
1dded to the medium. When acyl-labeled Jecithin was used, widely differing propor-
tions of activity in the lecithin and free fatty acid fraction were observed.in the
medium after incubation. Only very small amounts of lysolecithin activily were found
in the medium. Tn the experiment with the highest uptake, 15-47%, of the activity
in the slices was in the lecithin fraction when {p-acyi-H Jlecithin was used and 27-73%%
when 'oc,,‘?-rh'a(y(—“H Necithin was used. (171g. 4)

W hien the label was in the choline methyl group, 86 19, of the activity of
the medivm was in the lecithin fraction and the rest in the l_\'snlvrilhin fruction. In

Prochine Biophyvs fota, L3T L1OLTY g 23y
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Uptoke é [u , ﬁ—d/’acyl-aH]lecit hin ¢
Sodium taurodeoxychoiate
(24 ymoles) No sodium tauro-

deoxycholate 50
*fa
5 o ﬂ}h ”L ol hn ”h] o
” l H}ﬂ FATIG UL U FA 1G LU L
o - 1. -
. .
Distribution b Eho//h&Me—’l—Z'lecithin d

ﬁ’i» ocyl- 3H;‘]lm itran

A s,

g qa. %5 uptake per 150 mg tissue after incubating intestinal slices with [-acvi-3H ilecith,

ap-acvl-2H lecithin and "cholire-Me-3H ilecithin, Very varving uptake and distribution of activi

was abserved probablv due to varying lecithinase activity in the medium. No definite evidern

that lecithin was absorbed intact could be obtained. Open areas, |-acyl-3H jlecithin; black are.

la.p-diacyl-*H lecithin: hatched areas, [¢holine-M e Hecithin, Fig. 4b, ¢ and d show the dist;
bution of activity after incubations with, respectively, (f-ucyd-*H -, [x,8-acvl-2H-, and [cholin-
Me-3H lecithin (medinm: left; tissue: right). Each colummn is the result of one incubation. F3
fatty acid; TG, trgleecorides; L1, Iysolecithing 1., lecithin.

the slices 75-80%, of the activity was found as lecithin: 20-25%, as lysolecithiy

(Fig. 4).

When slices from a rat from which the pancreatic duct had been ligated 24 I,
before the experiment were incubated with [ 8-ucyl-*H Jlecithin, 40609 of the activity
in the medium after incubation was in free fatty acid and 15- 309, in lecithin. In the
slices 12-18% of the activity was in lecithin and the rest in neutral fats. The uptakes

were 2535, per 150 mg tissue.
DISCUSSION

Lecithin and lysolecithin have characteristic bipolar properties due to the pres-
ence in the same molecule of the hydrophobic fatty acyl chain(s) and the hydrophilic
phosphorylcholine group. Owing to this structural characteristic, lecithin can be easily
dispersed in water forming a turbid solution. The solubility of lecithin with long-chain
fatty acids in water, however, is extremely low. Lecithin dispersion in water therefore
has to be characterized from the physicochemical point of view as liquid crystaliline,
with an aggregate weight of several millions *°. In line with this, a dispersion in water
passed the Sephadex G-100 columns with the void volume, i.e., the aggregates were
too big to penetrate the interior of the gel. No activity was found following the initial
peak nor corresponding to the total volume of the column, indicating the very low
molecular solubility of lecithin in water. In fact this behaviour on the gel column
would characterise the lecithin dispersions as being non-micellar as, according to
definition, a micellar solution should contain aggregates in equilibrium with a mo-
lecular dispersed phase.

When lecithin was dispersed in bile salt solution, clear solutions were obtained
and the lecithin was eluted from the column with a Kav close to that earlier found for

Biochim. Biophys. Acta, 1 37 (1067) 240-254
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the bile salt micelle!¢. It therefore seems clear that lecithin, in its capacity as an am-
phiphile 2, forms mixed micelles with the bile salt. If another amphiphile, monoolein,
is added to the system, a mixed micelle with 3 components is formed and the lecithin
and monoolein are eluted together in a symmetrical peak. The aggregate weight of
the mixed bile salt-lecithin micelle is around 2500030000 according to calculations
based on the Kqp values obtained®®.

Lysolecithin forms clear solutions in water which from a physicochemical point
of view are characterised ax micellar. From light-scattering data the aggregate weight
of the lecithin micelles has been calculated to be g5000, (ref. 22) and from surface
tension data the critical micelle concentration was found to be 0.02-0.04 umole/ml
in water 28, The effect of monovalent ions on the lowering of surface tension was found
to be small, When 10 pmoles of lysolecithin in a 1-ml solution was applied to a gel
column of 6o ml total volume, lysolecithin appeared in a peak with a Kav value
between 0.05 and 0.10, corresponding to an aggregate weight of 8oooco-100000 which
compares well with those reported from light-scattering measurements. Being a micel-
lar solution in equilibrium with a molecularly dispersed phase, the lysolecithin micelles
would Le supposed to be more and more disaggregated when they pass down the
column and meet an increasingly larger volume of buffer, The 1-ml sample applied
will not, however, be diluted Lo more than 6o ml, 7.¢. the total volume of the column,
and the critical micelle concentration for the lysolecithin is reported to be as low as
0.02-0.04 pmole/ml. 1 the 2 gmoles lysolecithin applied to the column were diluted
over the total column the concentration would still be above the critical micelle con-
centration. In the present experiments the fractions after the peak contain a constant
concentration of 0.003 gmwle/mt Iysolecithing, which could be expected to be the
critical micelle concentration for lvsolecithin under the conditions of our experiments.
in an attempt to study the behaviour of molecularly dispersed lvsolecithin, 0.1 gmole
lysolecithin was applied to i column of 6o ml volume. No micellar peak was found;
on the other hand, the recovery of Ivsolecithin from the column was low indicating
irreversible adsorption to the column. The value of critical micellar concentration
calculated above may therefore be too low,

Lysolecithin formed mixed micelies with bile salt which were eluted with a
K.w comparable to that of the mixed lecithin=hile salt micetles, indicating an aggre-
pate weight of 15 25000, Also mixed lysolecithin-monoolein- bile salt micelles were
formed with the same aggregate stze.

The above experiments thus indicate that, when sodium taurodeoxycholate is
present in the solution, lecithin and lysolecithin exists in mixed bile salt micelles with
an ageregate size somewhat larger than that of the pure bile salt nucelles but con-
siderably smadler than the Tvsolecithin micelles and very much smaller than the liguid
erystals of the lecithin dispersions.

When interpreting the results of the incubation experinients it must be taken
into consideration that the conditions of the experiments differ from those (o vivo in
several important aspeets, L vive a continuous transport is taking place of absorbed
material away from the mucosa wda the lymph and portal blood. I'n vive there is also
a l‘()‘n(illlltlll.&»11“.[!15]\(»[‘! of the intestinal content in the distal direction to meet new
mucosa cells, D ortro, under the conditions of our experiments, we are working with
i elosed systen in which an equilibrium is formed between medium and cells with
little tr;m;luut back to the medium of metabolites formed in the cells from absorbed
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material. It has carlier been demonstrated that the uptake of fatty acids by intestinal
slives i oitro is a physical process that does not require energy V. The subsequent
metabolismy, nuiinly acvlation, is, however, energy-dependent and rate-limiting 1. The
end products of f{ltt}' acid metabolism of the intestinal epithelial cell, the chylo-
microns, do not leak out from the intestinal slice preparation to any larger extent.
In the present experiments there is, however, in some cases a certain amount of fatty
acid metabolites, especially triglveerides, in the incubation medium at the end of the
mcubation period. !

As curlier demonstrated 7 oleie actd in hile salt solution is “taken up” by in-
testinal slices 2 utre s 1e,, it 1s distributed in favour of the cells and is incorporated
mainly wto triglyeerides. In the present experiments a certain amount, 4-6°% of th
oleic acid present in the incubated tissue was found incorporated into lecithin. This
amount was not influenced to any considerable degree by the presence in the incuhg-
tion medium of Jyvsolecithin, The maximum amount of absorbed oleic acid found i,
this experiment 11 the lecithin of the intestinal tissue was 7).

When intestinal slices were incubated with e-acvl-abeled lysolecithin 50-70°,
was present in the tissue at the end of the incubation. Of the activity in the tissues,
40 507, was found as Jecithin. Considerable amounts of the a-acyl fatty acid of lyso-
lecithin, however, was present in triglveerides of the tissue and in the free fatty acid
fraction of the incubation mediunm at the end of the experiment. The total amount
of active fatty acid in the medinm and tissue still present in lecithin or lysolecithin
at the end of the incubation period was 32 559, The higher percentage of fatty acid
activity present in the lecithin of the intestinal tissue after incubation, when a-acyl-
Ivsolecithin was in the incubation medium, compared with free fatty acid would sug-
gest that an appreciable amount of the a-acyl-lysolecithin is taken up intact by the
intestinal slices and converted to lecithin.

To study further the uptake of lysolecithin by the intestinal slices, choline-
labeled lecithin was prepared from the livers of rats fed labeled choline. The lecithin
was Isolated and converted to lysolecithin by the action of bee venom lecithinase A.
Palmitic and stearic acids are the dominant fatty acids of a-lysolecithin prepared
from rat liver lecithin®. The uptake of the choline-labeled lysolecithin was of the
same order as that of the acyl-labeled lysolecithin; of the lysolecithin taken up,
57-86% was found as lecithin. After incubation, 40-509;, of the activity was present
in non-lipid form indicating a splitting of the fatty acyl-ester bond in these experi-
ments to about the same degree as with a-*H-acyl label. This amount was only 13-
17 % when using inverted sacs, indivating that the lysolecithinase activity of the me-
dium comes from ruptured mucosal cells.

Addition of bile salt to the incubation medium has no significant effect on the
uptake of lysolecithin from the incubation medium ; however, there seemed to be less
triglyceride and more lecithin formed in the tissue in the absence of bile salt in the
medium,

The tissue preparations show an effective conversion of absorbed lysolecithin
to lecithin. Two different pathways have been described for the conversion of lyso-
lecithin to lecithin.

Lysolecithin 4 acyl-CoA — lecithin + CoA (1) (ref. 24)
2 lysolecithiti — lecithin + glveerylphosphorylcholine (2) (ref. 25)

Biochim. Biophys. Acta, 13- (1057) 240-254
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1f pathway (1) were a major pathway for the formation of lecithin in our experiments,
more active fatty acid than choline from the lysolecithin would be incorporated into
lecithin, The amount of jabeled lecithin formed, however, was about the same in the
incubations with choline-labeled lysolecithin as with a-acyl labeled lysolecithin. The
results therefore indicate that the gly(‘erylphosphor_\'lchn]inc formed from lysolecithin
is a product of a lvsole ithinase reaction, as a rather large fraction of the labeled
fatty acid originally pre-ent in the x position of lysolecithin is found in triglyveceride
in the tissue. The lecithin formed thus arises by acylation of lysolecithin according
to pathway (1) It is known that lecithin can be formed by mucosal cells by the
Kennedy pathway?. The incorporation of labeled fatty acid into lecithin however
was considerably less in the ‘ncubations with labeled free fatty acids than with fa-
acyl—ﬂ']“jlysolecithin and no activity was incorporated into lecithin in incubations with
[gl_vcvr)l—"l1}ph(’splmryli'lmlim. The main part of the labeled lecithin in our experi-
ments therefore cannot be formed by active split products entering the Kennedy

pathway.
In the experiments with Jecithin in the incubation medium the uptake into the

tissue is varying but generally appreciably lower than for lysolecithin. This is espe-
cially the case in the absence of bile salt in the medium and when the uptake was
studied with choline-labeled Tecithin. The largest uptake was generally found for f-
acyl labeled lecithin and less for oc,/)’-di;uf_\‘l»lzllacle(l lecithin, When acyl label was used,
a corsiderable amourit of activity in the medium was found as free fatty acids and
in the tissue as trighyeertdes. Considerable amounts of Jecithin were also found in the
ineubation medium at the end of the experiments. 1t can therefore be assumed that
most of the uptake was in the form of fatty acids split off from lecithin by the action
of lecithinase A The results of these experiments give no difinite evidence for uptake
of intact lecithin whether bile salt was present or not.

Differing lecithinase activity in the medinm could well explain the varving
results with acvl-dabeled lecithin. Even in the experiments in which the slices had
heen taken from animals, the bile ducts of which had been canulated 24 b prior to
‘he experiments, the medinm contained appreciable lecithinase activity.

In two incubations with [choline-Me-*H lecithin, 3-4%4 of the activity without
wd g-109, with bile salt were obtained in the slices. The distribution of the activity
n the tissue was the same as when Jysolecithin labeled in the same wayv was used.
lhe small differences obtained with and without bile salt in the medium could be
sxplained by a slightlv higher Jecithinase activity in the presence of bile salt. Such
L stimulation was found when lecithin was incubated in the supernatant from ho-
mogenized slices.

The present experiments thus show that vsolecithin i vitro is to a large extent
taken up intact by intastinal slices and is acylated to lecithin. No detinite evidence
was found for the uptake of intact lecithin with or without bile <alt.

Considering the fact that lyso compounds are the predominant species of gly-

- cero-phospholipids found in intestinal contents? Ut oivo, there is reason to believe
that the lyso compx ainds are absorbed from the intestinal tract as such. The quanti-
tative aspects of lysolwithin absorption have to await further studies with the intact

animal.
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EXHIBIT 7
LECITHIN
7,

Usual Max, No. Companies

Level Level Reporting
Soft Candy 0.18 0.32 26
Baked Goods 0.12 0.5 25
Fats and Oils 0.19 0.39 17
Confections and Frostings 0.34 0.40 9
Gravies 0.18 0,19 8
Meat Products 0.04 0.12 6
Imitation Dairy Products 1.17 1.89 4
Sweet Sauces 0.25 .66 4
Milk Products 1.33 1,33 3

NAS/NRC GRAS Review Panel on Usage
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During the course of soine researches to determine whether or not sprue
patients can tolerate lecithin better than neutral fat, 60 grams of mixed
soya bean phospholipids were fed to normal subjects by stomach tube and
the respiratory quotient, urinary phosphate and nitrogen, blood sugar,
serum inorganic phosphate and phospholipid determined.  The surprising
observation was mede that the R.Q., under the conditions of the experi-
ment, quickly dropped to u minimwn in & half-hour and then rose to a
maximum as high &3 unity in two to four hours. To determine to what
extent this phenonscnon was due to the phosphate, to the futty acid, or to
the phospholipid as a molecular unit, equivalent amounts of disodium
glycerophosphate, of olive oil, and of mixtures of disodium glyccrophos-
phate and olive oil were fed to subjects and the same determinaiions made.

Litsrature. Tha effect upon the R.Q. of feeding lecithin or its non-
lipid constituents has received but little attention.

Greggr (1932) obtsined no change in R.Q. after feeding lecithin to dogs.
Yet Gregg as well as Kovaliova (1912) obtained increases in R.Q. after
injecting that phospholipid. This rise in R.Q. might be related to the
observations of Izar and Constantino (1929) and of Jost (1931). The
former reported a significant rise in blood sugar after the injection of leci-
thin and the latter a rise in the production of sugar when cephalin was
added to the blood of a perfused liver.

Page and Young (1932) and Yriant (1931), working with phlorhizined
and depancreatized dogs respectively, could not show this production of
sugar from phospholipid.

Kovaliova (1912) and McCann and Hannon (1923) obtained a rapid
lowering in R.Q. after the injection and ingestion respectively of glycero-
phosphates. Ablin (1925, 1926, 1929) and Schmutzer (1928) showed that
when phosphate is fod with carbohydrate the rise in R.Q. is delayed.

VA preliminary report of this paper was presented before the American Society
of Biological Chemists, April 1, 1938, at Baltimore, Maryland.
1 Anneg H. Hanes Fellow in Medicine,
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The effect of fat feeding upon the gas exchange has received more at-
tention, espeeially from Murlin and his students. Until 1933 Murlin
believed, as did Lusk and many othcrs, that all R.Q. values of less than
0.700 were due to errors in their determination or of some other effect not
the direct result of metabolism, However, at this time work was done in
his laboratory (Hawley et al., 1932, 1933) which showed quite conclusively
that pigs and humans with a high tolerance for fat will give R.Q. values
lower than 0.700 after ingesting fat and that the R.Q. wiil rise 0.04 to
0.06 unit above the basal level about seven hours after the fat meal.
Later Murlin (1838) assumed that in R.Q. values helow 0.707 all the non-
protein CU, is from fat combustion and that the extra U abrorbed is
concerned in partial oxidation of fat. He was not convinced, however,
that the fut had been converted to carbohydrate, but pointed out that the
fatty acids may be oxidized along the chain to some other product.

In most studies on R.Q. after the ingestion of fats no observations were
made before one and a half or two hours after the test meal.  As will be
shown in the present work, however, the R.Q. is almost at its lowest level
after one-hall hour when small amounts of fat are fed.  Gregg obtained
cueh nn effeet shortly after feeding fat to rats (1931) and considered it as
due to a transient acidosis and ketonuria. A similar observation was made
by Wilder, Boothby and Beeler (1923) who were studying the metabolism
of a dinbetie,  These authors made no effort to explain such an early drop.

Murionsd  The respiratory quotient was determined by collecting
the exhaled air for five minutes in a Douglas bag and analyzing it in a
Haldane apparatus. Blood and urinary phosphates were determined by
the method of Fiske and Subbarow (1925), phospholipid by the method of
Boyd (1931), urinary nitrogen by the Kjeldahl method, blood sugar by
Benedict’s method (1931), and blood CO; content by the Van Slyke vol-
umetric apparatus. . -

ExperiMENTAL. In our earlier experments the phospholipid, as ob-
tained from the Glidden Co.,* contained about 30 per cent of oil. This
was removed by dissolving in petroleum ether and precipitating with
acetone, the procedure being carried out several times. Later the Glidden
Co. sent the material fat-free. The major portion of soya bean phos-
pholipid is eephalin, the rest mainly lecithin. (Nottbohm and Mayer,

1932 _

In preparation for the experiments 60 to 65 grams of the purified prepa-
ration were emulsified in five volumes of water. The subjects were aliowed
no food or tobacco after 6:30 the evening preceding the experiment. At

3 The gas analyses and urinary nitrogen determinations were made by Miss Hanes

Clement.
+ The sova bean phocphnlipids naed in this study were generously supplied by

The Giidden Company, of Chicago, Illinois,

TABLE 1.
;‘v[eta‘bo‘lic;gnd biochemical cffects of the ingestion of 60 grams of phospholipid
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TABLE 2
Metabolic and biochemical effects of the ingestion of 60 grams of phospholipid
{(incomplete)
‘ NON-PROTEIN (A8 EXCHANGE ! MOM. PER l MGM. PER 1 MaN. PER
suBsReT pemiop | (WTERSPEWROUR) lcENT SROM CENTOENUM| yyliny
,: i cor | o | ma E LIPID pnosz»uonve%;:;‘;‘;’:);‘gs
Ars. 1 ‘ i I !>
© Pasal Overbreathed S 161
{2 1208 |14 74| 0.820 L o172 ;
. ) 3 11.93 12, 84 0. ‘)30 183 :
CRDA o 3 a3 127 5 194 ;
| 5 110,28 11 b& ‘ 0.880 133 |
ki 6 ! 8.43 : 11.84 t 0.712 161 | ‘
i | { '
Basal Overbrenthed 1 18
} 7.70 1 9.52 | 0.810 185 3.28 | 22
1 L 8.78 | 10 08! 0.866 205 420 | 25
JF 2 7.88 t 9.22 { 0.855 4.80 | 47
Ty 3 8.00 . 9.50 | 0.843 213 5.00 87
4 8.18 & 8.83 : 0.927 179 5.20 | 95
5 7.68 : 8.47 | 0.907 179 5.50 | 112
8 7.72 ! 9.97 | 0.774 0
i
Basal Overbreathed 223 3.00 15
3 7.07 7.70 5 0.920 3.12 17
2 6.82 7.77 1 0.878 216 4.20 21
R.L.E. ... 3 7.63 7.411 1.040 223 4.75 37
4 6.51 5.95 | 1.004 245 5.60 38
5 6.43 5.78 1 1.113 24 5.80 55
6 7.55 8.12 1 0.930 228 5.92 47
Baasal Overbreathed 176 13.1
Y 9.06 | 11.06 | 0.818 9.28
1 8.48 | 10.28 | 0.828 176 22.7
C.D.......... 2 8.93 9.74 | 0.917 176 57.8
3 9.54 | 10.19 ] 0.935 227 61.1
4 8.23 9.39 | 0.878 193 84.0
. 5 8.05 | 10.13 | 0.795 224 60.0
Basal Faulty analysis
3 6.79 8.75 | 0.777
1 7.73 9.75 | 0.793
R.T........... 2 7.05 9.70 | 0.820
3 7.25 8.60 | 0.843
4 8.62 9.58 1 0.900
| s 8.26 | 10.37 | 0.795

* This subject reccived 100 grams.
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5:30 or 6:00 o'clock on the morning of the experiment they were asked to
vold as completely as possible and were given a glass of water. At about
7:30 they were wheeled on a chair or stretcher to the room in which the

exe ente weore eonducted.  After a short rest the basal R.Q. was
determined. In spite of the precaution of taking the subjects into the room
o

T
4 s
&he prece‘(zmg day and training them in breathing into the bag, several
bre d 1 test. After the air had been collected for the
Heeted for the determination of blood sugar, serum

L ‘FFFCT OF PHOSPHOLIPID NGES‘.'ION N MAN
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Chart 1

inorganic phosphate, and serum fats, and, in a few cases, blood was col-
lected under oil for CO; content.  After the blood was drawn the patient
voided as completely as possible.  Inorganic phosphate and total nitrogen
“ere determined on the urine obtained.

The test meal was then given, the phospholipid being passed by stomach
tube. In only one case did the subject become nauscated. This was
C.R.D. who, beeause of his size, was given 100 grams of phospholipid.
Alter that expericnce all snbjects were given 60 grams with no untoward
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effect.  Experiments were continied from 4 to 6 hours, the air, blood, ang
urine coliections being made in that order. -

The results of the phospholipid experiments are given in tables 1 and
2 and chart 1. The blood sugar also was determined in many cases, hut
i+ did not change significantly. The R.Q. and gax values in the chart ar,
pnly for those experiments in which trustworthy determinations were
made in every period.  Table 2, however, shows that in those cxperimentg
which were not complete there was a similar rise in R.Q.

TABLE 3
Meitolic and biological cffests of the ingestion of 16 grams of disodium

glycerophosplale

? 5 NON-PROTEIN GAS EXCHANGE = Max, pER | M‘i;‘)-;:ﬂ
SUBIECT L pEmiop (LITER PER ROUR) r;"‘\\or.;t:;‘:l TRINART
| T I L
I | P
Basal | : i0.765 !
PO i boosso :
1 | i 0.716 1 !
ILW.B. . R i | 0775’
AT 0. :
s | 0.762 o
Basal 9.74 10.21 0.974 2.08 23.1
10 7.0 9.98 0.710 3.35 24.4
1 7.59 10.00 0.759 3.35 47.2
JoPo 2 §.57 i 10.32 0.830 | 3.57 0.0
3 7.55 .53 0.772 | 3.8 71.0
4 7.45 9.93 | 0.750 3.16 75.0
Basal 8.71 10.95 | 0.785 4.63 7.7
3 7.58 9.63° .| 0.796 4.63 10.9
11 7.55 | 10.12 0.746 5.40 26.2
CBoo Wooo | 702 | we | oms | 57 | T4
3 | 818 10.34 .| 0.75¢ | 5.71 40.0
43 8.34 10.34 0.769 43.0

. Since the results of the phospholipid experiments were so different from
those reported in the literature for fat, it was thought that the effects
might be due to the phosphate. Accordingly, three subjects were given
16 grams of disodium glycerophosphate. In the first experiment only
the total R.Q. was determined, but the last two patients were studied as
completely as after phospholipid feeding. The results of these experi-
ments are given in table 3.

“Three subjects were given a mixture of 45 grams of olive oil with 16

gromns of disodium glycercphosphate to determine if the effects of the
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phospholipid were due to the molecule as such.  The results are tabulated
in table 4. :

Finally, the effects of 45 grams of olive oil alone were determined -on
three subjects. The results are summarized in table 5.

DiecussioN. The mean values of all the determinations are compared
in chart 2. In order to have a basis for comparison all basal values were
reduced to zero and the unit changes plotted. The R.Q. changes appear
to chowr no interrelationching these after phospholipid appearing to be

TABLE 4
Metoholin rnd Rinehemicel oferin of the ingestion of 45 grame of olive oil and
16 grems of disedium glycerophosphale

' {
M3M, PER

i NON-PROTFIN GA3 EXCHANGE MGM, PER | MaM.
) (LITERS PER HOUR) CENT 3B1UM! HOUR URI- |  PER CENT
AUBJECT PERIOD I INORGANIC INARY INOR- SBERTUM
PHO3~ |OANIC PHOS~| PHOSPRO~
CO: ! Qs { R.Q. PEORUS PHORUS LIPID -
Ars. i
Basal | 10.44 | 12.07 | 0.866 ; 3.75 42 198
y 1 o860 | 1170 | 0.735 | 4.22 36 191
L | 9.35 | 10.35 | 0.904 | 5.00 53 176
M Poo 9.60 | 10.75 | 0.893 5.40 65 187
| 3 9.73 1 11.62 | 0.837 5.26 68 187
4 19.26 11.62 | 0.890 5.08 59 194
1]
Basal | 8.76 | 11.20 | 0.782 4.16 12 175 .
3 1 7.88 ' 11.48 | 0.6% £.21 27 o
1 10.05 13.75 | 0.732 4.40 17 175
ED........ 2 9.29 12.37 | 0.751 4.95 30 187
3 9.32 12.27 | 0.780 5.15 32 187
4 10.16 12.45 | 0.816 5.15 69 180
5 9.60 12.77 | 0.751 5.00 115 187
Basal | 8.07 9.15 | 0.882 4.30 194
i 8.61 10.66 | 0.808 4.55 13.4 |
CD. 1 8.18 10.06 | 0.805 4.55 13.4 194
AR 2 8.11 9.78 | 0.830 5.13 28 194
3 8.13 9.58 | 0.848 5.72 61 194
4 8.39 10.51 | 0.798 5.72 60 194

quite different from those after its constituents. However, there is a
similarity in the oxygen and carbon dioxide changes after oil plus phos-
phate to those after phospholipid and a dissimilarity of these changes to
those after phosphate or oil alone. The changes in serum and urine in-
organic phosnhorus make it quite evident that the absorption of fat in-
ereases absorption of phosphate and that this cffect is greatest after phos-
pholipid. Verzar and Laszt (i934) have presented evidence indicating
Fat giveerol phosphate inereases the sheorption of fat, although Irwin,

A
™9
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Weber and Steenbock (1936) could not confirm it. An increase of 25 per
cent in serum phospholipid after the ingestion of 60 grams of phospholipid,
but none after equivalent amounts of olive oil or oil plus phosphate, pre.
sents the possibility that some of the complex compound may have been
ahsorbed unchanged.

T RN Ry g 0 D Gl .
There are several punublc CXp Nanations hi gil R\g values after

o]
phospholipid ingestion.  One of these is g an acidosis effect. How.
ever, the elevated R.Q. corresponds to a decrea;e in oxygen consumption

TABLE 5
.Jembohc a:nd bmcf'emzcal effects of the ingestion of 46 grams of olive oil
! ! NON-PROTEIN GAS EXCHANGE | MOM. PER | ”u;d;:a i MGM. PER
s | pmwop | (TERTMRRODNT (UGG ANy e seny
o | o | ma | memes | Jmon | wno
hra. B
(I Basal | 8.15 ! 11.55 | 0.706 | 3.64 28 225
| } 8.13 11.68 0.696 3.46 17 233
B.L Jl 1 8.10 11.03 0,743 3.33 16 215
TR | 2 | 8.33 10.80 0.773 3.68 19 222
[ 3 8.23 11.21 0.735 3.64 . 26 229
i 4 8.83 11.85 0.745 © 3.59 23
[ Besal | 6.76 7.67 | 0.882 4.21 47
3 4.92 6.07 0.811 4.04 42
R.B......... 2 7.09 0.37 0.757 4.12 36
3 8.18 9.66. 1 0.846 4.45 39
4 7.26 8.77 0.827 4.45 47
Basal 9.79 12.30 0.796 4.21 20 187
3 9.44 12.50 0.755 4.13 9.7
1 9.24 12.15 0.784 4.35 12 187
E.D......... 2 9.51 11.70 0.814 4.50 15 191
3 9.24 12.10 0.764 5.00 18 191
4 10.44 13.40 0.780 4.71 36 . 202
5 9.01 11.85 0.760 4.60 44 202

after an early increase, and not to a blowing off of carbon dioxide. Fur-
thermore, the changes in the gas exchange after phosphate plus oil resemble
closely the changes after phospholipid but are very different from the
* changes after either of these alone. It is thus unlikely that the effect is
one of acidosis.

A sccond possibility is that fecding phospholipid stimulates earbohy-
drate metabolism, However, it hardly scems reasonable that the ingestion
of phospholipid should depress fat metabolism and stimulate the mobili-
zation and combustion of giycogen stores,

PHOSPHOLIPID INGESTION IN MAN 117

It is possibie that the fatty acids of the ingested phospholipid undergo
a partial oxidation in the intestinal mucosa during absorption. This
weuld account fo* the vo:«}r"nf‘ ?ncx‘eﬁse in oxygen absorption. These
partinlly oxidized fatly
oxidation is completcd, cnussmg, rcductlon in the amount of oxygen
absorbed.

The possibility that fats are oxidized in a stepwise manner has been
proposed from time to time, v ery recently Werthessen (1937), by feeding

VETAROLIC & BOCUIMICAL TEEICTS OF THE NCESTION OF PHOSTHOLIEID AND 1T CONSTITUINTS I MAN
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Tits at a certain time of the day and no other, obtained R.Q. values ranging
from 0.27 to 1.70. He explained these results by a chain reaction system
11 which the fats are first converted to a complex carbohydrate and then
to 2 simple one of the glucese type.

It iy 1)}cbai)lc that only o portion of the ingested fat goes through these
stages during absorption, the major part being absorbed as fat and stored.
\") «‘ondmon theroforc, which would cause a larger part of the absorbed
fat 4o be oxidized in the manner deseribed would show evidence of the
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stepwise oxidation in the gas exchange. The presence of phosphate would
apprar to be such a condition since phosphate and fat apparcntly aid each
other reciproeally in ahsorption, and the gas exchange after feeding the

two together pr«w‘“‘s a different pm*""‘h‘r m
Uupublished work In this Iaborutory shows that there is a IO‘X'C-rin&‘ of
Blood and urinary inorganie phosphate during the absorption of fat, which
is further evidence that phosphate is a factor in the absorptlon and me-

taboilsin of the dipids.

at after cither alone,

RUMMARY AND CONCLUSIONS

. pids
to humans the non-protein R Q foll dumv the ﬁrst h'uf-hour and thnn
rose, reaching a maximum censiderably above the basal value in three to
four hours. It was shown that this was mainly an oxygen effect.

2. That this effcet was not entirely one of the phospholipid molecule
as such was sho\\ n by similar effeets upon the oxygen absorption and
ecarbon dinxide elimination of a mixture of olive oil and disodium glyeero-
phosphate equivalent in amount to the phospholipid. In the latter
condition, however, the R.Q. did not rise above the basal level.

3. That the effect is not due to the phosphate or oil alonc is shown by
the very different results after feeding these substances separately.

4, The increase in serum inorganic phosphate was greatest after phos-

pholipid feeding, slightly loss after oil plus phosphate, and much less after
ph()&p}late alone. ]

5. The elimination of urinary vhosphate was greatest after phospholipid,
less but more rapid after phosphate, and somewhat still less and slower
after oil plus phosphate.

6. An increase of 25 mgm. per cent in serum phospholipid after phos-
pholipid feeding was not found after feeding equivalent amounts of olive
011 or oil plus phosphate.

. The significance of these findings is dlscussed
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The action of some synthetic lysolecithins and lecithins on erythrocytes
and lipid bilayers

Gorrrrirny axp Rarrort! have investigated the hemolytic action of a seriey
of Iyso phospheglveerides. The nature of the linkage of the hydrocarbon chain di
not appreciably affect lyvtic activity, but unsaturation in the parafinnic chaim o f
Jvsolecithin was found to reduce the hemolytic action. In order to obtain addition. ]
information on the relevance of chemical structure to hemolytic activity we assayt
a number of synthetic vsolecithins and lecithins containing fatty acid constituen
of different chain lengths, In addition, the action of some of these compounds o
lipid bilavers was studied. .

The following lecithins were prepared by acylation of glycero-3-phosphory
choline®#: 1,2-dimyvristoyl-glveero- 3-phosphoryl choline ((dimyristoyl)lecithin), 1,2
didecanoyl-ghveern-3-phosphoryl choline ((didecanoyljlecithin) and 1,2-diheptanoy
glycero-3-phospliorvl choline ((diheptanoyl)lecithin). The synthesis of 1-oleoyl-:
butvryl-glveero-3 phosphoryl choline ((1-olcoyl-2-butyryl)lecithin) was as describec
by Birp ¢f ai.t. Hydrolvsis of lecithins with snake venom phospholipase A furnishe..
1-stearovl-glycers-3-phosphoryl choline {(stearovl)lysolecithin), 1-oleoyl-glycero-3-
phosphoryvl choline ((oleovl)lysolecithin), 1-myristoyl-glycero-3-phosphoryl choline
{(myristoyhhsolecithing and 1-decanoyl glveero-3-phosphoryl choline ((decanoyl)-
lysolecithin). The purity of the phospholipids was confirmed by thin-layer and paper
chromategraphy. Known amounts of these compounds were emulsified in 0.9%7, saline
by vigorous shaking. Beef erythrocytes were washed 3 times with 0.99%, saline and
the cells were su-pended in 0.g9, «aline to give suspensions with a 50%, hematocrit.
The lysis test was carrivd out by adding a small volume of the lysin solution to 5 ml of
0.9"; saline in the cuvette of a Vitatron spectrophotometer, and the transmission was
adjusted at 100°, Subscquently 50 4l of the erythrocyte suspension was added and
the alteration of transmission at 625 mye was recorded as a function of time. The time
required to give 50°, hemolyses at various concentrations of Ivtic agent is represented
in order to facilitate a comparison with the bilayer expernments. Lipid bilavers were
generated from a solution of total lipid from beef ervthrocytes (19 lipid in decane)
in an apparatus c-sentially the same as that deseribed by THoMPsONS,

Mea<urcments were made of the average survival time of these films at various
concentrations of Ivtic agent injected into one of the compartments,

Lyvuis of ervthroevtes was affected by (stearovlvsolecithin, (myristoyl)lyso-
lecithin and (olecvhiveolecithin in that order (Fig 1A). However, in comparison to
these componund- idecanoy Llvsolecithin revealed a Ivtie action of a much lower order,
2.0 gmoles;ml being necessary to give an onset of lvsis under the conditions used. The
experiments indicate that the hemolvtic activity of Iyvsolecithin is highly dependent
on the chuin Tength and further experiments with Ivsolecithin analogs with fatty acid
constituents between O, and € can give us further information about this relation-
ship. In agreement with the observations of GoTryriep axp Raprort! (oleovl)-
Iysolecithin was found to Lee less active as compared with (stearovi}lvsolecithing
morcover, the time required to give 507, hiemolvsis was increased for the unsaturated

Fiochim. ];‘mf)}z\,x Tota, 137 119071 592 504



pt ELIMINARY NOTL

e

b

\
i b
o\ S

v

W
Q@

¢

“

n

N
&
Survival t me of firn omin
[)

&

Time required for 50% hemolysis (min!

e | )
i O
1N T
{ T —— -~
. N . N O " L
) o) 20 30 0 2 4 6 8

Final concentration ( mM x 1077 )

Fig. 1. Lytic action on beef ervthrocytes (A) and bilayers of lipids from beef ervthrocvtes (B) of

{stearoyl}lysolecithin { x x ), (myristoyljlysoiccithin (¥--——¥), (olecoyDlysolecithin (@ e)
and {didecanoyl)lecithin (O ).

compound. Not only monoacyl phosphoglycerides, but also certain diacyl derivatives
can exert hemolytic action as shown by the results with (didecanoyl)lecithin (I'ig. 13)
the action of which equals that of (myristoy])lvsolecithin. It is interesting to note that
the activity of this lecithin is of a much higher magnitude than that of its so-called
lyso derivative. As regards the other lecithins tested, (diheptanovl)lecithin required
.. minimum concentration of 2.2 umoles/ml to cause lysiz whereas (dimyristoyl)-
‘ecithin caused no lysis at concentrations up to 1.5 umoles/ml. These observations
1ave to be extended to other lecithins with chain length between C; and €y, in order
0 assess whether (didecanoyl)lecithin is the most lytic lecithin of the saturated sertes.
A mixed acid lecithin, viz. (1-oleovl-z-butyryllecithin, was found to be weakly
remolytic (lysis at 0.6 gmole/ml). This compound has been found to give micelles of a
:ype similar to lysolecithin lecithin mixtures®”. Further studies on the size and shape
»f micelles of various synthetic lysolecithins and lecithins are in progress. The lipid
bilayers were not lysed by (dimyristoyllecithin at the relatively high concentrations
which were sublytic to beef erythrocytes. On the other hand, the Ivsolecithins con-
taining stearic, myristic and oleie acid as well as the Iytic (didecanovhlecithin rapidly
disrupted these lipid bilayers at concentrations which are of the same order of magni-
tude as those found for the lysis of ervthrocytes (Fig, 1B). These results support the
view that the hemolysis of erythrocytes by lysolecithing has to be attributed largely
to an interaction with the lipid constititents of the red cefi* On the other hand, the
lipid bilayers showed some interesting differenees i siseeptibihty as compared wath
ervthrocytes, #izin the membrance (stearov)- and (oleovhivsolecithins gave a nearly
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The effect of emulsification of a milk-substitute diet by

mechanical homogenization and by the addition of soya-

bean lecithin on plasma lipid and vitamin A levels and
on the growth rate of the newborn calf

By J. H. B. ROY, K. W. G. SHILLAM, S. Y. THOMPSON
‘ Aanp DIANA A. DAWSON

National Institute for Research in Dairying, Shinfield, Reading
(Recetved 20 February 1961—Revised g June 1961)

; Although experiments on the effect of inclusion of vegetable or animal fats in
iwnthetic milks (Wicse, Johnson, Mitchell & Nevens, 1947; Lofgreen, 1950; Kastelic,
hentlcy & Phillips, 1950) or in milk substitutes based on dried skim-milk powder
Gullickson, Fountaine & Fitch, 1942) have been made over a number of years, it is
Inly comparatively recently that milk substitutes consisting basically of skim milk and
“dded fat have been used cominerciall y- This development has come from an increasing
iterest in ‘veal production which, especially on the continent of Europe, takes the
?fbrm of intensive production that requires a specialized diet of high energy content,
é‘hich at the moment can most cconomically be achieved by utilizing fats other than
;utterfat. However, the type of added fat and also the method by which it is incor-
Horated into the skim milk is of great importance owing to the sensitivity of the calf

" dietary changes, particularly during the 1st month of life.

i Gullickson ef al. (1942) obtained very poor results with homogenized-milk diets

:hntaining 3'5 % of cither cottonsced, soya-bean or maize oil, but the animal fats,
1d and tallow, gave moderately good results and coconut oil gave an intermediate
Sponse. These workers reported loss of hair, first from the face, cars and neck and
i“er from the cannons of the rear legs, of calves given the maize, cottonseed or soya-
';lcan oil. Bate, Espe & Cannon (1946), however, associated similar hair losses with
i’“homogenizcd diets, whereas de Man (1951) found that diets containing unhydro-
itnated soya-bean oil caused hair loss and development of eczema due to excrction
é:'f oil through the skin, whercas hydrogenated soya-bean oil had much less effcct.
i"tn when homogenized, unhydrogenated soya-bean oil has been found to cause
‘poor rate of growth, rough hair coats and a high incidence of scouring and mortality
JaCob‘son & Cannon, 1947; Wiese ¢t al. 1947; Jacobson, Cannon & T homas, 1949;
g’i[llrlcy, Jacobson, Wise & Allen, 1949; Barker, Wise & Jacobson, 1952; Adams,
“ullickson, Gander & Sautter, 1959), but diets containing hydrogenated soya-bean
g?'l have given results nearly as good as those containing butter oil (Mutley et al.
i'949).
' Raven & Robinson (1958, 1959, 1960) have studied the nutritive value of palm oil
| % palm-kernel oil for the calf, and have found the digestibility of both hydrogenated

|
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542 J. H. B. Roy AND OTHERS 1961

and unhydrogenated forms to be lower than that of butterfat. The hydrogenated palm
oil appeared to have a lower protein-sparing effect than the unhydrogenated oil; how-
ever, these oils were not compared directly in the same experiment.

The finding of Gullickson et al. (1942) that lard and tallow appeared to be well
utilized by the calf has been confirmed by many workers (Wiese et al. 1947; Blaxter &
Wood, 1951; Johnson, Hopper & Gardner, 1953; Hopper, Gardner & Johnson,
1954; Ritchey, Hopper, Gardner & Johnson, 1956; Thomas & Okamoto, 1956;
Bell, 1958; l.arsen, 1958; Comberg & Géllnitz, 1959; Kliesch & Horst, 1959;
Kesler, Wilson & Moore, 1960), but Jacobson, Brown & Ratcliff (1959) found that
the incidence of scouring was higher with a diet containing lard than with whole
milk.

Lard and tallow appear to be of equal value, but Briiggemann & Barth (1959) found
that the digestibility of lard was superior to that of beef suet, although both were well
digested from 15 to 60 days of age. Hydrogenated herring oil has been used in Norway
(Homb, 1960), but the calves did not grow as well as those given butterfat, though
both groups were much superior to those given coconut fat, which caused severe
scouring.

Nearly all the dicts containing added fats so far mentioned have been mechanically
homogenized since there is general agreement that for efficient utilization some form
of treatment is necessary to reduce the size of the fat globules. Kastelic et al. (1950)
found that, when a synthetic milk containing 1 9/, cottonseed oil was emulsified with
soya-bean lecithin in a Waring Blendor, a calf given the diet scoured within 2 days.
However, when a mixture of water, cottonseed oil and lecithin that had been homo-
genized at a pressure of 1800 Ib/in? until the oil globules were 2 p or less in diamcter
was given to this calf (now 12 days of age), the diarrhoea stopped within 36 h. On the
basis of this slender evidence it has been assumed that a fat globule size of less than 2
should be aimed at in milk substitutes for calves. :

There is little doubt that the size of fat globule is of importance, for the smaller the
globule the greater is the rate of digestion, and with a large proportion of small
globules more protein may be adsorbed on the globule surfaces. The diameter of fat
globule in cow’s milk varies from o°I to 10 with an average of 3—4 p (dalla Torre,
1953; Ling, Kon & Porter, 1961), and cow’s milk that contains large fat globules also
tends to form a tougher curd than one containing small globules (Clements, 1949).
Recently, it has been suggested that rats given homogenized milk ad kb, gain more in
live weight and utilize protein better than those fed on an untreated milk (Petrilli &
Agnese, 1960). Moreover, it has been suggested that the small fat globules of butter
and high-quality margarine can be ahsorbed intact, but other fats (olive oil and some
margarines) have to be emulsified first and are passed through the intestinal wall mainiy
as fat degradation products and only partly as fine emulsions (Haubold, Heuer &
Rohusinskyi, 1960). 4

The use of emulsifying agents as an alternative to homogenization has been studied
for some years. Huff, Waugh & Wise (1951) observed a loss of hair in calves when
glycerol monostearate was used as the emulsifying agent in a diet containing hydro-
genated cottonseed oil, but when the diet was homogenized the characteristic alopecia
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was absent; recently Hopkins, Warner & Loosli (1959) have shown that emulsification
of coconut fat with crude soya-bean lecithin resulted in a very large increase in
apparent digestibility of the fat, and mechanical homogenization of the diet had no
additional beneficial effect. However, these calves were given antibiotics and the
digestion trials were not made until the calves werc 2—3 weeks of age. Increased
digestibility of certain fats with increasing age of the calf has been observed by
Cunningham & Loosli (1954), Lassiter, Duncan & Christie (1957) and Briiggemann &

Barth (1959). : ‘
Hodgson & Murdock (1g60) found that a milk substitute containing on a dry-matter

. basis 109, stabilized lard together with skim milk, whey and buttermilk caused

significantly greater weight gains in calves when the lard was homogenized in the
buttermilk than when the fat was just physically blended, but they do not mention
whether an emulsifying agent was used. Both diets gave better results than a milk

© substitute containing no fat.

In many of our experiments we have used margarine in a milk substitute and have
obtained apparent digestibilities of fat of up to 98 % during the first 3 wecks of life
(Shillam, rg60). However, the mixture had always been homogenized at a pressure of
200 atm. It was thercfore of intercst to know whether lecithin could be used as a
substitute for mechanice! homogenization and whether its inclusion in a diet had any
beneficial effect other than that resulting from its role as an cmulsifying agent. In
earlier work (Aschaffenburg, Bartlett, Kon, Roy, Sears, Thompson, Ingram, Lovell
& Wood, 1953) it was shown that the inclusion of lecithin in the first two feeds of life
greatly increased the absorption of vitamnin A, but this cffcct may have been particularly
marked during this time when the intestine was permeable to the passage of whey
proteins into the lacteals (Comline, Roberts & Titchen, 1951). However, it is known

that lecithin increases the rate of absorption of lipids in rats and in man (Adlersberg &

Sobotka, 1943; Augur, Rollman & Deuel, 19473 Tidwell, 1950).

The effect of sova-bean lecithin was therefore studied in three experiments. In the
first, two forms of soya-hecan lecithin, a crude and a pharmaceutical grade, were
compared. They were included ina milk-substitute diet into which the margarine had
been mechanically homogenized. In the sccond and third experiments, mechanical
homogenization of margarine fat was comparcd with emulsification with lecithin.

METHODS
Plan of experiments

All three experiments were of randomized block design.
Expt 1. It was done in the early months of 1959 and consisted of three treat-
ments in each of six blocks, four of Ayrshire bull calves and two of Shorthorn, as

follows:

T'reatment no. Basal diet Lecithin given
o Reconstituted spray-dried skim milk None
2 containing 2z % margarine incorpo- Pharmaceutical grade
3 rated by homogenization Crude grade

237




544 J. H. B. RoY AND OTHERS ‘ 196y

Expt 2. It was done in the autumn and winter of 1959 and consisted of four treat.
ments in each of twelve blocks, eight of Ayrshire bull calves and four of Shorthor,
as follows: :

Treatment no. Basal diet Method of incorporating fat
4 Homogenization
s Homogenization and emulsification,
. . . . with the pharmaceutical gre
Reconstituted spray-dried skim milk lecithin P grade of
.. o o
6 containing 2 % margarine Emulsification with the pharma.
ceutical grade of lecithin
9 No emulsification or homogenizatiop

Expt 3. 'This was done in the early summer of 1960 and consisted of two treatments
in each of twelve blocks, ten of Ayrshire bull calves and two of Shorthorn, as follows:

Treatment no. Basal diet Method of incorporating fat
8 Homogenization
9 Reconstituted spray-dried skim milk, Emulsification with the pharma-
containing 2 9% margarine ceutical grade of lecithin before
reconstitution
Diets

. Colostrum. Colostrum obtained within 24 h of calving from Shorthorn and Ayrshire

cows was uscd ; 1-pint samples were stored separately in waxed-paper cartons at —25°,
Each calf was given initially 6 pints of colostrum consisting of 1 pint from each of six
different batches. Calves within each block reccived the same blend of colostrum, but
there were differences in the blend between the blocks.

Milk-substitute diets. The basal diet consisted of margarine fat and of reconstituted
spray-dried skim-milk powder that had been processed at a pre-heating temperature
of 77° for 15 sec only and in which no apparent denaturation of the non-casein protein

" had occurred (Shillam, 1g60; Shillam, Dawson & Roy, 1960).

The margarine contained no additional vitamins and consisted of approximately
39 % groundnut oil, 24 %, palm oil and 377 %, coconut oil, of which a proportion was in
the form of hardened oil. The lecithin content of the margarine was about 0-003%
but approximately 0-18%, of emulsifiers (‘monoglyceride based on fully hardened
groundnut 0il’) was included during manufacture.

For the dicts used in treatment 1 of Expt 1, treatment 4 of Expt 2 and treatment 8 of
Expt 3, a milk of 20 %, fat content was prepared by homogenizing z Ib non-vitaminized
margarine into a reconstituted mixture of o-8 Ib spray-dried skim-milk powder in
7-2 1b water. It was made once or twice weekly, a maximum of 50 1b being prepared
at any onc tire, and stored at 4° until required. A small single-action type of homo-
genizer was used, working at a pressure of 200 atm; a stirrer was fitted close to the
inlet so that the fluid entered the machine in a well-mixed condition.

Each 10 b batch of the basal diet was prepared by reconstituting 0-9 Ib of skim-milk
powder with 81 1b of water to which was added 1 1b of the milk of 20 9%, fat content.

Lecithin. In Expt 1 two forms of soya-bean lecithin (American Lecithin Company
Inc.) were used: one, Alcolec S, a feeding grade in a carrier of soya-bean oil with a

i
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phosphatide content of 62-65 9%, and the other, Alcolec granules, a pharmaceutical
grade made by repeated washing of the Alcolec S with acetone to remove the soya-
bean oil and containing g5 °, of phosphatides (J. Eichberg, 1959, personal communica-
tion). Before homogenization 47-8 g of Alcolec granules were dissolved in each 2 1b
of margarinc used in the preparation of the diet given to calves on treatment 2 and
69-8 g of Alcolec $ in each 2 1b of margarine used in the diets given to calves on
treatment 3. Thus the final concentration of lecithin was o1 %,

In Expt 2, only the pharinaceutical grade of lecithin was used at a concentration of
02%. For treatment 5, 95-6 g of Alcolee granules were added to each 2 Ib margarine
before homogenization. For treatment 7, each 1o Ib batch of milk of 20 %, fat content
was prepared by stirring 2 Ib of the melted fat into 0:8 1b skim-milk powder dissolved
in 72 Ib of water; for treatment 6, 95-6 g of Alcolec granules were first added to the

- melted fat,

In Ixpt 3, melted fat containing the pharmaceutical grade of lecithin at a concentra-
tion of 29, was poured slowly into the skim-milk powder as it was stirred in a Hobart
mixer. Stirring was continued for §~10 min until the mixture became cream-like in
consistency; it was then cooled to 4°. This mixture was diluted with water to give a
dict containing 2 %, margarine and o-2 %, lecithin,

Each calf received 3500 iu. vitamin A in the form of halibut-liver oil concentrate
and 700 i.u. synthetic vitarain D; daily, both vitamins being dissolved in arachis oil.
The diets werc given in quantitics that had been found adequate for a growth rate of
11b/day when whole milk of 3-3 % fat content was used (Roy, Shillam, Hawkins &
Lang, 1958).

Calzes

* The calves were reared for 3 wecks; collection and management were as in earlier

" experiments (Aschaffenburg, Bartlett, Xon, Terry, Thompson, Walker, Briggs,

Cotchin & Lovell, 1949). If a calf scoured, the quantity of milk was reduced to that
calculated to maintain body-weight (Roy et al. 1958). When the consistency of the
faeces returned to normal, the volume of milk was increased to the normal daily
allowance. "This practice was repeated when scouring recurred.

The mean dry-matter content of the facces was calculated for each calf during the
experimental period from daily subjective grading of the consistency of the facces on
ascale increasing from o (severe diarrhoca) to 7 (very firm faeces). The mean values
obtained from dry-matter determinations on several hundred samples of faeces were:

Grade o 1 2 3 4 5 6 ]
Dry matter (%) 5 7 10 14 22 26 28 32

Jugular blood was drawn from all the calves in Expts 1 and 2 before their first feed
and about 4 h after their morning feed on the 4th, 12th and 21st days of age. Total
Plasma lipids were extracted by the method of Jacobson, Zaletel & Allen (1953). After
weighing the fat, vitamin A was chromatographically separated (Ganguly, Kon &
Thompson, 1947).

2317
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RESULTS

Expt 1. The results are given in Tables 1 and 2. The addition of the pharmaceutic,
grade of lecithin to the homogenized diet had no effect on the performance of
calves. However, calves given lecithin in a soya-bean oil carrier showed a significuiy),
greater incidence of a high rectal temperature (> 102-8 °F) and, after adjustment f,,
differences between treatment groups in mean milk consumption and incidence o
scouring, a significant increase in live-weight gain/day. The relevant partial regressie,,

coefficients with their standard errors were:
Partial regression

General coeflicient with its
mean standard crror
Live-weight gain/day (Ib) 0690 —
Total milk consumption (pints) 15871 o'0081 + 0r0027*

No. of days on which scouring occurred 1-158 —0'1924* 00519%*
(values transformed (x4-4))

* Significant at oo1 < P < oos.
** Significant at oroo1 < P < o'o1.

As shown in Table 2, the addition of lecithin had no apparent effect on plasm,
lipids during the first 12 days of life; the levels rose more or less uniformly throughoy
the experimental period except for calves given the crude grade, which showed a fa))
between the 12th and 21st days. With all treatments the plasma content of vitamin
rosc rapidly during the first 4 days of life, but this rise was followed by a slight full ¢,
the 12th day. T'he plasma vitamin A levcls of the calves given the diet containing the
crude lecithin continned to fall to the 215t day whereas those of the calves on the other
two diets showed a slight rise; the difference was significant.

FExpt 2. The results are given in Tables 3 and 4. Diets prepared without home-
genization resulted in very poor live-weight gaing; inclusion of lecithin in the home.
genized dict had no significant effect on live-weight gain, but there was some sug-
gestion of an cffcet with the unhomogenized diet. After adjustment of live-weight gain
for diffcrences between treatment groups in mean birth weight and milk consumption
the effect of lecithin was still not significant. The relevant partial regression coeflicients

were: .
. Partial regression
General coefficient with its
mean standard error
Live-weight gain/day (Ib) 0°423 -
Birth weight (1b) 76°26 —-0'0121 £ 0°0035%*
Total milk consumption (pints) 14422 + 00096 1 0-0034**

** Significant at o'oo1 < P < o'01.

No difference between treatments in the incidence of scouring was apparent, but
the estimated mean dry-matter content of the facces was increased both by homo-
genization and by emulsification with lecithin,

Loss of hair on the head and legs was apparent to a marked extent only in calves
given the unhomogenized and unemulsified fat; unaltered fat was plainly visible in
the facces of these calves, especially during the st fortnight of life.
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Table 1. Expt 1. Comparison of the performance (mean values with their standard
errors) of calves given homogenized milk-substitute diets containing two different prepara-

tions of soya-bean lecithin
Treatment no. and details

~ A ~
1 2 3 Significance of
Lecithin in soya- difference
Granular lecithin bean oil carrier between
No lecithin (95 % phosphatides) (65 % phosphatides)  treatments
A calves 6 6 6 —
zxcight (Ib) 840 %351 827 £3'51 75'0 351 -
imilk consumption (pints) 1645 + 4742 156'5 +442 155°1 442 —
L’eight gain/day (Ib) o771 0073 05710073 074+ 0073 -
Lf days on which calves scoured o (range o-1) 2 (range o-6) 1 (range 0-3) —
bnatter in faeces (96 230 10 200 *1°0 2270 10 —
Laf days on which calves had a o (range 0-2) 1 (range 0-2) 3 (range o~7) 3> 1%
ki rectal temperature (> 1028 °F)
_sted live-weight pain/day (1b)t 067+ 0041 064+ 0039 076 + 0037 3> 1+2%

tSignificant at oot < P < o'o5. :
 AJiusted for differences between treatment groups in mean milk consumption and incidence of scouring.
Oversit mean valoe for treatments 1 and 2.

Table 2. Expt 1. Comparison of levels of blood plasma lipids and vitamin A (mean values
with their standard ervors) of calves given homogenized milk-substitute diets containing
twa different preparations of soya-bean lecithin

Treatment no. and details

)

2

}

b
'
|

'

- A, N
X 2 3
Lecithin in Significance of
Granular soya-bean oil difference
lecithin (g5 %  carrier (05 % Pooled standard between
No lecithin phosphatides)  phosphatides) error of means treatments
o calves 6 6 6
™ plasma vitamin A
S100 ml):
Y birth 38067 3540067 35+ 0761 —
it ¢ days 84 73 83 + 121 —
LEH days 76 61 73 +o070 —
'\‘ 21 days 93 86 69 +1-01 —-
Werease, 4th—z1st day +10 +14 —14 t+o70 3 < 1% 3 <2*
'j plasma lipids
% 1o ml):
& birth 68 101 107 +13°0 1 < 2+3*%1
Ly days 182 157 196 4225 —_
b, days 277 245 284 +364 -
21 days 324 329 280 + 402 —

* Significant at oo1 < P < 0-05.
t One sample not analysed. Missing value calculated by the missing-plot technique of Yates (1933)-
1 Overall mean value for treatments 2 and 3.
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Table 3. Expt 2. Comparison of the performance {mean values with their standard errors) of calves given
milk-substitute diets containing margarine fat incorporated by different methods

Treatment no. and details

4
Homogenization

No. of calves 12

Birth weight (Ib) 75'5 +2°99

Total milk consumption (pints) 1466 +13°16

Live-weight gain/day (Ib) o-58 0054

No. of days on which calves 3 (range o—6)
scoured

Dry matter in faeces (%) 19t0'§

No. of days on which calves had 1 (range o—7)
a high rectal temperature :
(> 1028 °F)

Adjusted live-weight gain/day (Ib)] 055+ 0048

* Significant at 0-01 < P < 0'05.
** Significant at 0001 < P < o'or1.
*##% Significant at P < o-o01.

5
Lecithin+
homogenization

12

72's *2°99
142°8 *+316

0570054

2 {range 0—7)

2005

2 (range o—10)

054 +0'049

6

Lecithin
12

762 +2:99
140°3 +3°16

032+ 0'054

2 (range o—10)

19tos

2 (range 0—0)

036 +0-048

»
No lecithin
or homogenization

12

807 299
1471 £3°16

022 +0°054
3 (range o~}

17to5

1 (range 0—4)

0'24+0°049

S

{
{

{

ignificance of difference
between treatments

5 > 6%, 5 > 7%,
4> 6%, 4 > 7%,
4+5 > 6+7%%%

4+5 > 6+7°t,
546 > 4+7%1,
4>7%5>7"%6>7*

4> 788 5 > e
4> 6% 5> 6%

+ Two treatment nos. joined by 2 plus sign indicate the mean value of those treatments.
1 Adjusted for differences between treatment groups in mean birth weight and milk consumption.
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Table 4. Expt 2. Comparison of levels of blood plasma lipids and vitamin A (mean ©

A hasy
G

Treatment no. and details

4 5
Lecithin and
Homogenization  homogenization

No. of calves 12 12
Blood plasma vitamin A (ug/1c0o ml):

At birth 33 50

At 4 days 60 59

At 12 days 52 50

At 21 days 5'8 o049 57054t

Increase, birth—4 days +27 +09

Adjusted increase, birth~4 days] +2:4+0'30 +1:3+040

Blood plasma lipids (mg/100 ml):

At birth 168
At 4 days 195
At 12 days 242
At 21 days 15+ 217§
Increase, birth—4 days +27

Adjusted increase, birth—4 dayst +35+222

Regression coefficient of increase in plasma lipids from birth to 4 days on birth value, —0:9618 + 0-1441%#%

* Significant at 0’01 < P < 0-05.
** Significant at 0'co1 < P < o'o1.
*## Significant at P < 0-001.

145
222
286
265 +23°6F
+77
+63+222

(9,8

Lecithin

12

41
52
52

57+049

+1-1

+114038

Regression coefficient of increase in plasma vitamin A from birth to 4 days on birth value, —0-4454+=0°1316%*

146
180
188
3o4t21°§
+34
+21+222

—13%22'4

salues with their standard errors)

aentln Jo

At parrand
aijjereni mewnoas

\ Pooled
b standard
No lecithin error of Significance of difference
or homogenization  means between treatments
12
37 tos0 -
64 Lo47 —
44 to39 -
46049 — —
+27 +044 4+7 > 5+6%04
6+ o - 4+7 > 5+6%%,
+abtos8 {4>6‘.7>5',7>6'°
183 +26-7 —
148 t21-8 4+5 > 6+7%8
185 292 4+5 > 6+7%8
2474215 — 4+6 > 5s+7%
—35 +337 —

- 5> 7%

4+ One sample not analysed, Missing value calculated by the missing-plot technique of Yates (1933).
1 Adjusted for differences between treatments in mezn birth value.

§ Two treatment nos. joined by a plus sign indicate the mean value of those treatments.
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Microscopic examination of the size of fat globule in the diets showed that the mean
diameter of the homogenized globule was about 3-4, and that the globules in the
product emulsified with lecithin were probably of the mean size of 10-20 pu with some
as large as sopu.

As is apparent from Table 4, lecithin at this level of 0-2% significantly depressed
the increase in plasma vitamin A levels between birth and the 4th day of life. After

adjustment of the increase for differences in the valuc of vitamin A at birth by meang

of the regression cocfficient given in Table 4, the eflect was still significant. The inter-
action of lecithin and homogenization was significant when the increase in vitamin A
levels from the 4th to the 12th day of life was analysed. However, the decline in plasma
vitamin A between the 4th and 12th days was significantly greater for calves given the
unemulsified fat than for those on the other three treatments. :

Plasma lipid values on the 4th and 12th days of lifc were significantly increased by
homogenization, whereas lecithin was ineffective. The increase in content of plasma
lipids from birth to 4 days of age, after adjustment for the value at birth, was much
greater for culves given the dict that was both emulsified and homogenized than for
calves given unemulsified fat. However, the plasma lipid value for the 2rst day
indicated that homogenization and emulsification with lecithin were having an antago-
nistic effect. Thus the increase in levels of plasma lipids of calves given the diet that
was both homogenized and emulsified was similar to that obtained for those given a
diet containing uncmulsified fat.

Table 5. Expt 3. Comparison of the performance (mean values with their standerd
errors) of calves given milk-substitute diets containing margarine fat tncorporated either
by homogenization into reconstituted skim-milk powder or together with lecithin directly
tnto the dry powder

Treatment no. and details

- A - Significance
8 9 of difference
Homogenization Lecithin between treatments.
No, of calves 12 11 -
Birth weight (ib) ’ 813 +274 837 +2'98% —_—
Total milk consumption (pints) 1497 L 191 1522 *+208% —
Live-weight gain/day (lb) 0491 0035 ©  "0'35+ o0bot —

No. of days on which calves scoured 3 (range 1~7) 3 (range o—5) . —_

No. of days on which calves had a —
high rectal temperature (> 102-8 °F) 1 (range o-5) 2 (range 0—6) ' — :

Adjusted live-weight gain/day (Ib)] 0-48+ 0033 0:36 + 0-036% 8> g*

* Significant at 001 < P < 0°05.
4 Missing value calculated by the missing-plot technique of Yates (1933).
1 Adjusted for differences between treatment groups in mean birth weight and milk consumption.

Expt 3. The results are given in Table 5. One calf given the diet in which the fat
was emulsificd with lecithin died from an Escherichia coli localized intestinal infection.
As in Expt 2, the mean growth rate of the calves given the homogenized diet, after
adjustment for differences between treatment groups in mean birth weight and milk
consumption, was greater than that of calves given the diet in which the fat was

%37
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emulsified with lecithin. The partial regression coefficients used for the adjustment

were:
Partial regression

. " General coefficient with its
' mean standard error
Live-weight gain/day (I1b) 0419 —
Birth weight (Ib) : 82:49 —o0-0196 £ 0-0043%*
Total milk consuraption (pints) 1§0°91 00142+ 0'0061*
Lt * Significant at o-or < P < 0°0s.

## Sionificant at o001 < P < o-o1.

There was no difference between the two treatments in the incidence of scouring.

DISCUSSION

From the results of Expt 1, it is apparent that the addition of lecithin to an homo-
genized diet was of little beneficial effect, a finding in agreement with that of Bell
(1958). The slightly higher adjusted live-weight gain of calves given the diet containing
crude, but not the pharmaceutical grade of, lecithin was unexpected and may have
been due to some effect other than emulsification. Hopkins et al. (19 5g) considered
such a possibility when they found that crude lecithin markedly improved the digesti-
bility of tallow and coconut fat. Moreover, Allen, Jacobson, Ward & Zaletel (1956)
found that in calves given crude soya-bean oil, the proportion of linoleic acid in the
plasma total fatty acids was much higher than in those given a diet containing milk
fat, hydrogenated soya-bean oil or Jard. However, Spalton (1953) has pointed out
that highly purified lecithin is not as good an emulsifier as the less refined grades.

The results of Expt 2 show that under our conditions mechanical homogenization
is 2 more effective method of incorporating fat into a reconstituted skim-milk dict than

- emulsification of the fat with soya-bean lecithin. The use of lecithin, however, had
a slight but not significant bencficial cffect on growth rate.

In spite of the often accepted opinion that unemulsified fat causes scouring, par-
ticularly in very young calves, the only evidence of digestive disorders in this experi-
ment was a slightly Jowcred dry-matter content of the faeces in the calves given
unemulsified fat. Lecithin significantly increased the dry-matter content of the faeces
and also largely prevented the loss of hair from the body that has been associated with
wnemulsified-fat dicts. From our observations, the loss of hair was caused by direct
contact with the unemulsificd-fat diet and also with the facces passed by calves
receiving this dict rather than bcing the result of a systemic effect.

Contrary to the results of Expt 1, in which only the crude lecithin caused a depres-
sion in vitamin A level from the 12th to the 21st day, in Expt 2 the purified lecithin
significantly depresscd the increase in vitamin A between birth and 4 days of age.
However, the concentration of lecithin in the diets in Expt 2 was twice that in Expt 1.
The only other effect of treatment on plasma vitamin A level was a tendency for it to
be lower between the 12th and z1st days in the calves given the diet containing
unemulsified fat.

The level of plasma lipids during the first 12 days of life was increased in calves
‘given an homogenized diet, whereas inclusion of lecithin had no effect. After the
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12th day of age, it would appear that homogenization was of less importance, since the
blood lipid content of the calves given fat emulsified with lecithin was very similar g
21 days of age to that of the calves given an homogenized diet.

The results for live-weight gain in Expt 3 mercly confirmed those obtained in
Expt 2, namely that a diet containing homogenized fat gave a better live-weight gain
than one in which the fat was cmulsified with lecithin. Moreover, intimately mixing
the melted fat and lecithin with the dry skim-milk powder, as practised in the many,.
fucture of some proprietary milk substitutes, gave results very similar to those obtaineg
by mixing the melted fat and lecithin into reconstituted skim-milk powder.

It is thus clear that under our conditions we have been unable to confirm the ﬁnding
of the Cornell workers (Hopkins ef al. 1959) that mechanical homogenization gives no
additional beneficial effect over emulsification of a fat with lecithin. However, thej,
results were obtained with a diet containing coconut fat which had been emulsified
with a crude lecithin, and with calves older than those used by us. It must be borne in
mind also that a particular emulsifying agent may be more satisfactory with one type
of fat than with another.

"To be of inaximun value, milk-substitute diets should be suitable for calves from
4 days of age. Some reduction in digestibility and utilization of fat during early life
may have to be accepted for cconomic reasons, provided such diets do not predispose
calves to scouring and a high death rate. However, in our expcrience, diets that are
slightly inferior nutritionally to whole milk usually cause a very high incidence of
mortality cnce other predisposing factors, such as a build-up of ‘infection’ (Roy,
. Pulmer, Shillam, Ingram & Wood, 1955), begin to take effect. Thus, when a milk
substitute contains a relatively large amount of fat, it would secm advisable to use ap
homogenized product during at least the first 2 weeks of life rather than one in which
the fat had been emulsified with lecithin.

'

SUMMARY

1. Ninety newborn bull calves were used in three experiments to study the effect of
inclusion of soya-bean lecithin in a milk-substitute diet, based on margarine and spray-
dricd skim-milk powder, during the first 3 weeks of life.

2. Inthe first experiment, the cffect of addition to a homogenized diet of a pharma-
ceutical grade of lecithin and of lecithin in a soya-bean oil carrier was studied. The
latter product gave a greater live-weight gain, after adjustment for differences between
treatment groups in mean milk consumption and incidence of scouring, and a greater
incidence of a high rectal temperature (> 1028 °F) and lowered plasma vitamin A
and blood lipid levels between the 12th and 21st days of life.

3. In the second experiment, mechanical homogenization of the fat, emulsification
of the fat with soya-bean lecithin and addition of the fat without any emulsification
were compured. Homogenization significantly increased growth rate and the dry-
matter content of the facces. Emulsification with lecithin had a slight, but not signifi-
cant, beneficial effect on live-weight gain and significantly increased the dry-matter
content of the faecces.

23717
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The changes in plasma content of vitamin A between birth and 4 days of age and in
the plasma lipid content up to 12 days of age were increased by homogenization. By
21 days of age, lipid levels of calves given a fat emulsified with lecithin were as high as
those of calves given the homogenized dict.

4. In the third experiment, incorporation of margarine and lecithin into the dried
skim-milk powder gave a significantly smaller live-weight gain, after adjustment for
differences between treatment groups in mean birth weight and milk consumption,
than a dict in which the fat had been incorporated by homogenization.

5. For liquid dicts bascd on dried skim milk and containing 2 %, of fat, it is sug-
gested that mechanical horogenization should be used in preference to emulsification
with lecithin, espceially during the first 2 wecks of life.

We are indebted to Mr P, L. Ingram, M.R.C.V.5., Department of Pathology, Royal
Veterinary College, for making the post-mortem examination and to Mrs P. Plack and
Mrs C. Clough for their assistance in determining the lipid and vitamin A. We are
also very prateful to Dr J. Eichberg of the A merican Lecithin Company Inc. for the

gift of soya-bean lecithin.
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In the course of a study of ik s eliect :-' W
lipids nf depancreatized dogs , data were also obtn md W xtn 4

11 OTY serve the coni-
same animals before pnncrmt%to'nv in order to ob erve the cony

1 and the nor-
parative effect of the dists used in the depancreatized and th

mal group.
EXPERIMENTAL

H 1 r.,
Dicts—The basic diet consisted oi:

Flaw 1620 Beel. .o ooeeervne e 1-»(_) gfvf
or Meat powder (Valentine)..........ooemveereeeee 33 “
Skim milk powder (BoTden). ... .ovcnmvmreseessns 1((3‘?) )
C.acker O T LR 1,0 "
Dirjed brewers' yeast. ..o e 100
Qult mixture (Cowgill (1))...-.. AR .; .
Pone ash........ T R R R } drope
VHOSEETOL. . o v e e 2 dro

Raw lean beef was fed to fiftcen of the animals, meat powder to
cighteen. Dogs weighing more than 15 1\110‘5 were given in aull;
tion 30 gm. of sucrose daily. Fat was added to‘ the d;cg,m'or.e G;
{hreo forms: () 20 ml. of cod liver oil (Mead Jonnson)i ®) Omik?
20.3 per cent solution of earotenc in oil (S.M.A) end 15 ml. of :{;
zola, or (c) 30 gm. of Crisco. Cod liver oil and caretene were usca
‘)cmuxc we wore also studying their effect on the vitamin A and
carotene contents of the livers of these animals. Of the seven
teen dogs receiving cod liver oll, six were given in addition a sup-

} 1800
plement of 10 gm. of crude ¢gg yolk lzcithin (John (,am; k;
Of the sixteen animals reeciving the carotene and Mazola mixtur

18

S

U

X2

0 Tiver Linids in Normal

o
+ s

seven were fed the lecithin supplement.  None of the five animals
fod Criseo was given jeeithin,  As analyzed in this laboratory, the
ecithin preparation contained $4.2 per cent of material soluble in
e 72.8 per cent was lecithin,  The Crisco
vitamin A: otherwize all the dogs received
A, 2, znd the B complex. In
were mrintained on the diete for varying
i anged from 190 to 48 days, the
The animals were kept in separate

under ether anes-
o{ter the preceding
2lysis, we avoided the peripheral

134, 149, 142, 143, i61) sub-
» liver have been included with
i ""o noted that the lipid values
he range of the others. Ttis

L0 T4l

yres o RF: per se eoused no enduring aber-
rations in the liver li
E:f{rcmor, of Lipi Liver—The liver tissue {5 to 10 gm.)
removed at oneration was weiched and zround immediately with a
knovmn smoeunt of sand.  The materiol was transferred quantita-
tively with 150 mi. of a'nohm-o*t er (3:1) to a tared fiask and re-
fuxed for 1 hour at about 33°.  The extract, cooled to room tem-
p perature, was then Sitered through a weighed [at-free flter paper
irnte a 500 ml velumetrie fiask.  The extraction was repeated for
1 hour pericds with alechol-ether and finally with ethyl ether
enly. The combined extracts were made up to 500 ml. and mixed
thoroughly
Petreleum Fthcr Ezxtract—An zliquot (200 to 300 ml.) of the
alcohol-ether extract was concentrated at 40-50° under reduced
pressure to near dryness, reidifed with a drop of 2w HCL and

immedintely taken up initomi of :\(;,irf toum ,\Hﬂ’cr After St"‘ld-

ing ovornight

f'.‘\ the ﬁ'\*rn oum

,(‘; g m‘ ‘\'01“’ \n\‘rrn qrnl( or

3

mber of the total [atty acids.
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Votal Lipids—These were determined by weighing the residue

of an 2liguot of the petroleum ether extract that had been ovap-
rated to dryness.

vpmﬂ’ Phesphorys—The method of Fiske and Snhl arow 2, 4

was ciupioyed on suitahble aiiquots of the petroloum rthor cxtract,

3
n
i1

“weepenifieble Material—A third a! iauot of the “f“*olon m ether

tract wos mpox‘xﬁ(\d for 2 hours in aleoholic solution ur vder
e . U P 4

SRTCRCI Wikh §oor 2l of 30 per cent potassium hyriroxide solu-

H
tion. I'}n v”ﬁ\"n\vn)]l"‘h]r\ FV aotinng w as o votoe] s With netrealaes

1w 200U

cthor, c*v"')omtr-u tn drymess, and weighed,

s>—Altver acidification of the saponified rexidue
w 1th H(l th@ total fatty acids were extracted with petrolonm

T ’
ether, _\i"" ots were take

n o weight and jodine num? or.

niicromedification by Yasuda 1(5) of the Rosenmund and Kuhnhenn
methed was used for iodine number determination,

Free and Total C/'zoicstcrol—.\}iquoh of the original aleohel-
ether extract wore used Jor the detenmination of free and total
cholesterol by a modifieation of the microgravimetrie digitonin
method deseribed by Man and Peters {4) for serum cholesterol.
For free cholesterol, 2 ml. of 2 6.5 per cent soiution of digitonin in
") por cent aleohol were added to the alcohol-cthor aliquot, and
‘aporated to dryness. The aliquot for totai cholesterol was
seponified with 0.1 ml. of saturated - potassium hydrexide, re-
‘i»olveu in ateohol, neidified with B, ﬂ'\d. alter the addition of
2ml of 0.5 per cont digitonin, evaps: "‘ad to dryness,

IRARG

-~

The eho-
lesterol digitonide, both f*on and total, was filtered into Jena
fritted glass funnels, porosity G4, of 10 ml. capacity and weighing
less than 8 gm.  Theee wore w m’fhcd on a 'n‘("'O.)’Ud,""" It vas

noted that a precipitate was sometimes Tormed, particulariy in the

e ileed
total cholesterol deter rminations, which from its appearance and
.havio was om'm\wy not cholesterol digitonide and which when

2

weighed with the digitonide gave erroneous resuits, Therefore

Lo "1 clesterol digitonide was removed ¢ from the filer, after being
w m;'}u’u, by dissolving it in the funnel in ceveral portions of boxl'nb
methyl ﬂk-oh(,l, as recommended by Boyd (6). This was sucked

! b and the flter was washed with methyl aleohel and ether
od, and weighed again.

Vaulues for total eholesterol obtained by this procedure agrec.,

i the limits of experimental er ror, in samples taken from the

) ‘ i ™, e
29 , I« in No i Dogs

o*v'lr'q.' L‘J(‘("‘

fraction.

of the unsaponifiable
cholesterol added to

r rond
reen

~

d its contents were
ied at 40%in a warm
To the weight of
utallipid to give the
cn the wet weight of
as tne water content of

inr toial solids.

he experimental values ob L.Lmeu from the above pro-
! i : ST Cholcsterol com-
rwas ohtained ! g )txncung the free from the total
mo'e\‘“rcl Phaspholipid ansl phespheliptd falty acids were com-
nuted fr'nn the netre ‘nm‘ cther-soiuble phosphorus as stearyl-
} (385 per cont P, T1 per eont fatty acids), The
“meviral fal” was obtained | oy subtractir .gf rom the value
t”f“’ fotty weids, the phospholipid fatty acids plus the fatty

¢ hen dividing
ty acids thus obtained to tri-

aeisin nf\!\\::

Fod pimes 1
I8 GB CRLeTy, ana t
by .85 to eon

solvents employed in thiv invest izgation were freum' distilled.
T rml aleohol guve no test for :1idonyae~ the cthyl ether was
perozide-iree, and coieum ether (distiliing below 50°) gave
no

deteetable biank in the estimetion of the iodine number.

DISCTSSION

Agrcrmcnt of Duplicates—The average pereentage deviations
from the moeanin duplicate analyses of the same liver extract were
as follows: tota] linid 1. 3, 1(““""(“’]h,.db e 1.8, tota‘ f'v‘tv acids 1.0,
iodine number of 4otal Fn rus 2.0, free

tty acids 2.5, lipoid phosp

cholosterol 2.2, total cholesterol 3.0. ’
Estimation of the total lipid by st un'nahon of the phospholipid,
neutral fat) and the vnseponifiable

are, on the average, 10 per cont ¢

o, QI3 LAC

fractions leads to vatues which
:n those obtained chrect.ly

38
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TabLie 1
Mean Values and Estimates of Standerd Deviation, s, for Lipid Values of Different Dietary Classes

All values, except the iodine numbers, are expressed in per cent of original tissue.

Y
<

R i e 8
Todi testerol o
No. of Total | Unsaponi- '}:?&‘:‘ I“!):).‘ex? ) 1’1119517}10- "\[u;xlrul ( _— B fhf:_‘:n_ ‘,S‘
Supplement to basal diet sam- lipid fablo acids m(xlxl(]ixfl’:i“) i ! Tatxl 1 Fieo -
ples | e ot _ | N
Mean! s (Mecanj s !Mean| s |[Moan) 2 Vlum 8 ‘v‘[(mn 8 \[cun ‘\Ieun 3 \(ezmg ¥ ,";
[N PR Nt SRR VAN SRS BN Y RN SR SIS S R BENUNEN B @
< ! o D
Cod liver oil........ 11 5.03l0.540.72 0.2012.80:0.27| 145 7.2} 06:0.540.700. 320 "1(»’() U’()!‘ L20:2:0.0270. ()H'() 020 =]
(43 13 i qll(l l i I ‘ ! 5* .
tecithin. . 6 |t ﬁ7|O Z.)iO ullO 13l2v5810.2‘;" 147 -"L-’)J‘:”.SS’U.16{0.67@.22‘30.29&0 (,13{)‘().l‘.)ilj().l'v‘ill,l).()l?i() 024 2
Mazola mxd(amtmm 9 {1.83.0.850. 72|“ 2212.700 40; 128/10. 1‘3A020..")0().l}D().Z:’)‘(J,QGQi(l G37°0.212.0.0200 048.0 026 A
“ carotene, | 1‘ | 1 ‘ o]
lecithin..,.........] 7 -$.82i0.59|0.7210v3»l 2.70:0 .34 135 8.4 3.()00.370‘15‘:)1(),19‘0 "‘30'” Ul(; 0.2180. 0290 ()()“'IU 025 o
(‘rcho R B -1.»11:0.060 56‘() lﬂ‘lZ.oSlU 321 129 1().2'3.01 ()‘2010.52) ().29 () 2';')() UIIU 2006 0. U()T 0 (H‘)|0 o7 k=
Crand mean....... 38 |4. 81{0 b"iO 67 () 19‘2 6‘)0 32( 13711 5!3.010 4110.‘ ‘O 2)0 Zn)I() U.H‘) 20/0 (l"t)O ()W!O 022
2
(]
D
4
Tasiy 11
- e e e L _~l> n 1"“11./‘“ “_/ ‘ ariance '(. T r‘f(lz "J to F Hh(’l‘ Ef
| - - E—— _
T e [ e e
Total S0 Total Odine N l » \
]l;l:}u !L R 'll‘[:Z " {‘:‘L{ ; ot ‘l ! ”]I:mﬁm_ - S Cholents fl o r ‘Ne cutral " Wat t..‘.q
—e — o J oy adds Froe \ Teres o |t l ater =
1\U of observations ‘ 38 | I R At it S — - Yo
.......... a8 i . . i o
T ubelusses 5ol 3§ % ! A s s IE 7
< b 5 5 - - s
GrOn 097 | 1.43 ’ 0 | 2.7 0 I ’ ' 7 =
g NE: 043 . 06 9= »
Critieal range. ... 1.635 ] 1635, 1637 1 ;‘ !l 1 ” ‘)"f‘bi 091 1.35 0.57 | 102 v
” Rl 637 1 1038 1.6838 ] 1.63% | 1.638{ 1.637 <4
L 0417 | 017 | 0417 | 0.417 | 0.017 | 0.417 | o S
PR ' | o417 ] o7 | om7| 017 =
o1 and oy are modified standard deviati T B SETH I =
iations indieating, respec mvoly variance uvzlhm and among classes (F nhor (11)) 2.

The statistical procedure is discussed by Page et al. (12).

Jei

.
93
e ]
"
.
L
— A TR T R T Y e



g

G

R T IR SNPGRS 1

Rubin, Present, and Ruili 25

hv weighing the residuc from an aliquet of the petroleum ether
extract. A systematie cheek of the procedure failed to make ap-
sarent any reason {or thix deficieney. Sin‘,ilar discrmmu(‘ws hm’c
wen veported by others, Inoa sty {

iianson (8) fvw\d that the saponifiubie fr“" ion averazed Ql ner

eont of the total lipoid phosphorus, the un=apenifiable phospho-
7 and 32 per eent of the total.  After making

lowance for this fraction, these authors f(,u»‘d that, “The ma-

tinid ranging hetween 7
ma oang

1 21 rrnve ! st - %4 “ L.‘ + 27 T T
corial nnaceounted for averoged 3.5 pore 7 e total Hpid fas

I:‘.(“hi‘\}f; (‘yf ALY,

drtermined by the gravimetri il=on and Hanner
(@), in whieh there is no saponification], the sum ol the three frac-
Afan and Gil-
dea (10) were similarly able to recover only 82 per eent of the theo-
retical amount of fatty acids of a purified lec t. in saponified with
p(\"‘b&lllnl hydroxide. These authors thercfore add 18 per cont
of the phospholipid fatty acids to their values for total fatty acids,

tians heing less than the total in every ‘-ncﬂ—*n“(\."

Sinee our saponifivation procedure follows »joselyv that of Man and
Giildea, it is interesting to note that the appiication of their cor-

rection factor to our dota eausos thes

an estimate of total lipids
by summation to agree within 2 per cent with tie divec tly deter-
mined value.

Statistiral Analysis—The resuits of a statistical analyxis of the
detaiied data are given in Tahles I and 11 The results shown in
Table I suggest that, execpt for the variations in the iodine num-
bers of the total fatty acids, there ix no significant differ
any lipid fraction among the various dictary classes, This con-
¢lusion is borne out, as shown in Table II, by the results of an
analysis of variznee according to Fisher (11), with the notation of
Page ¢t ol. (12). In no case, except for the fodine numbers, does
the critical ratio lie between ¢piay and unity, indicating with a
probability of 90 per cent that there is no greater variation among
the five classes than would be expeeted in any one class.

Xegrouping the data in other waysreven led no significant differ-
enees which might depend on whether the animals received meat
pawder or Jean beef, or on the lengih of time that a given dict was
fod. Tn the latter connection, it is of interest to note that inges-
tion of the lecithin supplement for extended periods of time had no
cpparent effect on the phospholipid content of the liver.

rrence in
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-

Tiver Lipids in Normal Dogs

SUMMARY

f the livers of thirty-three normal
tochnique are reported. When
xte the type of "lt added to the
yetions, cexcept

1” ‘t" acids, s-"lm no statlstlcallv
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I:v Vitro and I Vna Effects of 1nositol P/)m/)/mm/c
(/.1[)051101) Fraction 0f50)11mu o1 Serum
Iipi(/s and Lipoproteins'

BERNARD A SACHS, ETHEL DANIJELSON,
LOUIS LEITER. From the Medival Divivion, Uontepore Hospitad, New Verk City

BERNARD BURACK awp

ABSTRACT

Sacis, Brevarp A FE1ien Davierson, Brryakp Brrack avp Loirs
Lywrer. Do vitro amd in vive clects of inositol phosphatide (1i posttol) fraction
of soxbean on scrum lipids and lipoproteins. §. Appl. Physiol. 13(3): 3871 384.
1938 Previous i oitro studies have shown that the aleohol insoluble
nositol phmphuti(h (lipositol} Traction of soybean phosphatide complex

produces an increase in the electrophoretic migration velocity of serum
llp()[)r()l(ln\ while the alcohol soluble lecithin fraction is without effect.
Extension of these studies revealed that the increase in electrophoretic
migration velocity of serum lipoproteins produced by addition of the lpos-

"tol fraction to serum was inhibited by the addition of protamine in vifro,
hut was not inhibited by heating to 56°C. Lipositol isolated from the d](Uhl)L
insoluble fraction was found to be the compound responsible for the ob-
served coffects. The i vitro cficets on Hipoproteins were confirmed in iz by
intravenous administrution of the lipositol fraction to normal rabbits,
These changes were not accompanied by an inerease in clearing factor activ-
ity. In the normal rabbic the ‘Bpoprotein shift’ is accompanicd by a prompt
and profound mobhilization of ncutral fat and cholestero! to the blood stream.

N PREVIOUS 12 rifro studies (3) we noted
that the alcohol-insoluble fraction of
whole soybean phosphatide  complex®

{containing approximaiely 25 lipositol and 1y
cephalin} produced an increase in the electro-
phoretic migration velocity of lipoproteins
when incubated with normal or hyperlipemic
human sera. The alcohol-soluble fraction (con-
tladning approximately 24 lecithin and 1y
cephalin) had no effect, These studies were
ctended to further evaluate the observed
cifect T vtlre and i the rabbit fn vive.

Received for publication April 28, 1938.

PSupported in part by grants from Lipotropic
Research Foundation, Eli Lilly and Co. and G. D,
Searde and Co.

*The alcohol insoluble fraction of soahean phospha-
tide was kindly supplicd by Mr. J. Eichberg of Amer
ivun Lecithin Co., Astoria, N. Y. Sterile emulsions of
the fraction were generously prepared by Drs. Llovd
L. Ely and R. Pool of Don Baxter, Inc.. Glendale,
Calif,

381

MATERIALS AND METHODS

In Vitro Studies. Human sera were analyzed
for protein and lipoprotein by paper electro-
phoresis (2) before and after treatment as
follows: a) Effect of heat. Five or ten milligrams
of the inositol phosphatide fraction was added
to one milliliter of human serum and heated in
constant temperature water bath for 1 hour
at 50°C. 0 Efiect of protamine. To half of 10
duplicate r-ml slm[)lt‘% of normal or hyper-
lipemic sera vontaining 5 or 10 mg of inositol
phos])h ttide frac lmn 0.2 mg or § mg prota-
mine sulfate as a 1% solulum was added. Both
the serum-phosphatide and the serum-phos-
phatide-protamine  samples  were incubated
for 24 hours at 37°C. ¢) Effect of inositol. In a
similar manner, 5 my inositol was added to 1
ml normal serum and incubated at 37°C,

Isolation Studies. Lipositol was isolated by
the method of Woolley {33, moditied in thai
the starting material was the alcohol-insoluble
fraction rather than the whole soyvbean phos-
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AN BN SACHS, 1
phatide complex. Five milligrams of 1he iso-
Latedd Hpositol was added to one milliliter of
human sera, incubated 24 hours 1t 37°C and
then subjecred o paper clectrophoretic anal-
vais, as described above,

In Vivo Studies. I'ifty milliliters of a 3%
emulsion of the lipositol fraction in 59 dex-
trose were administered intravenously 1o 21
white New Zealand rabbits. Arterial car blood
was collected prior to and at intervals during
the first 4 Tours and during the 2 weeks fol-
Jowing the infusion. Control studies were done
wilizing 50 mb of 3% dextrose inog rabbits,
The separared sera were analyzed for toral
lipid. tipid phosphorms and cholesterol, proteins
and lipoproteins (2. Clearing factor activity
was determined by the method of Grossman
(4) in three of the rabhits given the lipositol
fraction intravenously.

RESUL LS

In Vitro Studies. [ncrease in migration ve-
Jocity of serum lipoproteins, as the result of
addition of the lipositol fraction to human sera,
was not inhibited by heating to 356°C for 1
hour, nor by in citre addition of c.2 my prota-
mine sulfite. However, 5 mg protamine sul-
fate did prevent the increase in the migration
velocity produced by 5 mg of the lipositol
fraction. Incubation of human sera with in-
ositol did not produce the increase inmigration
velocity of the lipoproteins observed with the
inositol pho:phatide tipasitol) fraction.

DANIELSON, B.

Fio. 10 Etiect of intrasenous administration of
lipositol friaction emulsion on scrum Hpoprateing of the
rabbit, P o= proteins <tained with naphrhadene black
12800, I = L oproteins stained with it red O

BURACK AND L. LEITER Volume 13

NEYTRAL FAT

CHOLESTEROL

PHRS  GHRS 10AY 7 ODAYS 14 DAYS

R2

e 20 Effect of lipositol fraction infusion on serum
phospholipid (oblique black bars), cholesterol (gray bars)
and neutral fat (upright black bars) of rabbit, ¢ =
mitial values.

Isolation Studies. The purification technique
of Waoolley (3) for lipositol resulted in a com-
pound containing 13.2% inositol and 2.8%
phosphorus (as compared to Woolley’s prod-
uct, 15% inositol and 3.1% phosphorus).
This compound, when incubated with human
sera and analyzed electrophoretically, pro-
duced the tlipoprotein shift” of the alcohol-
meoluble fraction and the whole soybean
phosphatide complex.

In Vivo Studies. Intravenous administration
of an emulsion of the lipositol fraction to 21
rabbits produced the increase in migration
velocity (previously noted in witro) within 3
minutes. This lipoprotein shift was still present
at the end of 4 hours. At the end of 24 hours,
the hpoproteins had returned to their inttial
distribution (tig. 1). Dextrose-infused control
rabbits showed no change in hipoproteins.

one hour after the lipositol fraction infu-
sion, marked increases in serum lipids were
noted and the average increments in 1o rabbits
were as follows: phospholipid - 372 %, choles-
terol 4- 3% and neutral fat + 124 %

Assoctated with the rise in phospholipid
due to phosphatide mfusion there was within 3
minutes amarked increase inneutral fat and a
dennite, but less striking, rise in cholestero!
tfig. 20, These values returned to normal In
4 hours and were slightly elevated after 24
hours. In 7 days, initial values for phospho-
lipid and neutral fat were reached, but a mild
elevation tn serum cholesterol was still present
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Fic. 3. Comparative cffects of lipositol fraction infu
ions (solid lines) with dextrose infusions (dufted lines)
n the serum lipid fractions of 4 rahbits.

In 14 days, the cholesterol levels returned to
nitial values.

The changes v phospholipid, neutral fat
wnd cholesterol in rabbits, after lipositol frac-
lion infusion, were compared with changes in
'abbits after control infusions of 5% dextrose
tig. 3). There were no changes in phospho-
lipid or neutral fat i the dextrose control
amimals. Similarly, the cholesterol values re-
mained unchanged during the first 4 hours.
After 24 hours, the dextrose-infused rabbits
showed elevation in cholesterol levels similar
to the phosphatide-infused animals.

No clearing fuctor activity was produced
i rabbits given the liposital fraction infusion.

LIPOSITOLANDUCED L1 AND LIPOPROTIAN CHANGES 385

DISCUSSION

In zitre ~tudics suggest that the lipoproten
shift" is not produced by beat-Tubile enzyvima-
lic reaction. for heating to 360°C did not inhibit
this effect. Despite the fact thas protamine did
inhibit this i tire reaction, failure to demon-
strale o concomitant increase in free furty
acids or earing factor activite suggests that
the mechanism causing the norease in niorie-
tion velocity of the serume lipoproteins differs
from that produced by heparin (50,

We believe that lipositol is the compound
responsible for the lipoprotein shift beeause
our previous studies have shown thuat the
alcohol-soluble fraction of sovbean phospha-
Ude which contains lecithin and  cephalin
does not produce the shift, because inositol
alone is inactive and berause lipositol actively
produces the increase in migration velodity of
the serum lipoproteins when isolated from the
alcohol-insoluble fraction.

Lever and Waddel! (o) demonstrated that
the serum cholesterol of patients with idio-
pathic hyperlipemia and hypercholesteremic
canthomatosis falls following ntravenous ad-
ministration of an emulsion of 107 cottonseed
oil and 1% of the whole soybean phosphatide.
The effeet is simitar to that found in our choles-
terol-fed rabbits. These authors later showed
that the administration of the emulsion pro-
duced an increase in both electrophoretic
mobility and ¢learing factor activity and that
these effects could be produced by the phospha-
lide emulsitier when used alone (7). Because
of the increase in clearing factor activity and
hecause protaniine reversed the effect, they
postulated that heparinor heparin-like sub-
stance was liberwred, Tn our experiments, in
which the lipositol fraction instead of the whole
phosphatide complex is used, we have found
no ncrease in free fatty acids (1) and no in-
crease in clearing factor activity, suggesting
that another mechanism aceounts for the ob-
served effects,

Fricdman and Byers (8. 0) have shown that
a sustained infusion of whole phosphande
complex produces hypercholesterolemia in the
hepatectomized or intact rat or rabbit. This
auggests that cholesterol was browglit 1o the
blood from parts of the bady other than the
liver. This grouo has also demonstrated resolu-
ton of pliques from the aortas of previoush
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384 B\ SACHS, E.
hypercholesteremic rabbits after 4 or 5 sus-
tained infusions ot phosphatide emulsion (1o).
Our studies  demonstrate that o sustained
phosphatide Tnfusion is not essential for the
production of hyperlipemia; a profound hyper-
lipemia wis noted quickly following 1o-minute
nfusions of the lipositol Traction (o normal
rubbits.

The authors express thein thanks to Dreo Jo Philip
Savitsky for Bis helpfol advice and eriticizim and 1o
Dr. H. Seratirg for performing the clearing Tactor
determimations
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INSIGNIFICANCE OF THE ENTEROBILIARY CIRCULATION OF

LECITHIN IN MAN

Davip R. Saunpkrs, M.D., F.R.C.P(C)

Department of Medicine, University of Washington, Seattle, Washington

The enterobiliary circulation of intact molecules of dietary lecit .,
was found to be insignificant. After a single feeding of a synthetic |
ithin (labeled with °H in the 1-acyl position, and with "*C in the ¢, .
line portion), the two isotopes were excreted in biliary lecithin at
ferent rates. Similar amounts of radioactivity accumulated in bii
lecithin whether labeled lecithin, or labeled fatty acid and lab. 3

choline were fed.

The aim of this study was to character-
ize the enterobiliary circulation of lecithin
in man. It has been claimed that feeding
lecithin increases the concentration of bil-
iary lecithin and thereby enhances the
solubility of cholesterol in bile.'

Tomkins et al.' fed 10 g of lecithin daily
to patients for 3 days and the biliary
phospholipid to cholesterol ratio increzsed
above the value before treatment. In con-
trast, Thistle and Schoenfield® fed 20 g of
lecithin daily for 14 days without chang-
ing the ratio between hiliary phospholipid
and cholestero!, and recently Nilsson and
Scherstén® fed phospholipids for 6 hr to
patients without observing an increased
output of phospholipid in the bile.

We fed a doubly labeled synthetic leci-
thin and measured the radioactivity ex-
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creted in biliary lecithin to detern:ine
whether dietary lecithin is excreted iniact
into human bile.

Materials and Methods

Experimental subjects. L. M. was a 2.
vear-old woman., A laparotomy had been per.
formed with a presumptive diagnosis of chole.
lithiasis and had led to a cholecystectomy an:!
exploration of the common bile duct. No
stones were found, but the common bile duct
was described as “thickened, of small caliber,”
A T-tube was placed in the common bile duct.
Two months later she had normal liver func.
tion tests and a normal percutaneous needle
liver biopsy.

E. D. was a 65-vear-old woman. Thirty-
nine years previously she had had a cholecys-
tectomy for cholelithiasis. Six weeks before
this study she had had fever and pain in the
right upper quadrant of the ebdomen. At lapa-
rotomy, ‘“‘sludge” was found in her common
bile duct. Her liver was normal to inspection
and palpation. A T-tube was implanted in the
common bile duct. At the time of our study,
her liver function tests were normal. When her
biliary fistula was draining externally, she had
putty-like stools which contained excess fat
(93.6 mEq of fatty acid in a 72-hr specimen
compared with 26.2 mEq when her enterohe:
patic circulation was uninterrupted; fat in-
take, 80 g daily). No bile salts were detected in
a 45-min aspirate of duodenojejunal contents
obtained !: hr postprandially when bile salts
were diverted from her intestine (lower limit of
detection, 0.27 mm).

Preparation of labeled lecithin, Methyl-"C-
L-methionine (International Chemical and
Nuclear Corporation), 0.5 me, was dissolvgd in
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isotonic saline, and was injected intraperito-
peally into a 450-g male Sprague-Dawley rat,
One hour later, the animal was killed, and the
liver lipids were extracted into chloroform-
methanol.* Liver lecithins were isolated by si-
licic acid  chromatography,” and were
deacylated® to giveerophosphoryl '*C-choline
which was isolated as a cadmium chloride salt.
This salt was reacied’ with the acyl chloride of
9,10-°H-palmitic acid which previously had
been purified by thin laver chromatography.
The resulting dipahmitoy]l lecithin was puri-
fied.” To prepare a lecithin which would be
similar in chemical structure to biliary leci-
thins, the dipalinitoyl lecithin was converted
by Crotalus adurranteus venom® to lysoleci-
thin which was then acylated with oleoyl
chloride.® The resulting lecithin, 1-9,10-3H-
almitoyl,  Z-oleoyl-sn-glycero-3-phosphorvl
‘C-choline, had & specific activity of 29.43 uc
per mmole with respeet to “H, and of 2.37 uc
per mmole with respect to MC. It vielded a
single spot after chromatography on thin lay-
prs of Silica Gel 5 (Brinkmann Instruments)
with chloroform miethanol-water (65:25:4, by
volume), Its percentage composition of phos-
phorus was 3.97 (theoretical, 3.90). Its specific
optical rotation, [«]%, ¢ = & g per 100 m],
hleroforni-metharal (1:1, by volume), 2-dm
tube, was -1 6.66 (reported, '’ 46.30).

Analytical metliods. Biliary lecithins were
tbtained by chromatography on colurmns of si-
keie acid (Silic AK, CC-4 Mallinckrodt Chemi-
ca! Works) as described previously.'' Recovery
of Jipid phosphorus was 92%. The isolated lce-
ithing chromatographed as a single spot on
thin layer chromatoplates.

Methanolic solutions of lecithins were mixed
wi'h a dioxan-phesphor’” and counted in du-
pl'vate in a Beckman liquid scintillation
@ nter. An internal standard, HC-toluene or
I toluene, was adiled to alternate vials.

Feces were collected continuously for 3 to b
di s after giving radioactive lecithin., The
P led feces were made up to 2000 m! with
w.ter and were blended in a paint shaker; 100
m! of the mixture were added to 1500 ml of
bo ling ethanol. After stirring with a magnetic
¢l ick for 2 hr, the ethanolic mixture was fil-
terad through Whatman no. 1 filter paper. The
unfiltered resicdue was thoroughly extracted
with hot ethanol, The combined extracts were
evaporated in vacuo, and the residue was dis-
solved in chloroform-methanol-water, 5:4:1,
bv volume. Portions of the resulting solution
were decolorized and counted.'® An internal
standard, "C-toluene or “H-toluene, was
added to alternate vials.

ENTEROBILIARY CIRCULATION
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Experimental design. The first experiment
was designed to measure the excretion rate of
biliary "“C and of *H. These isotopes should be
excreted into the bile at identical rates if the
labeled lecithin, or its hydrolytic product, l-
9, 10-"H-palmitoyl-sn-glvcero-3-phosphoryl ''C-
choline, remained intact during their absorp-
tion from the gut or their excretion by the
liver. At 8 aM, 0.584 mmole of labeled lecithin
was dissolved in 5 ml of ethanol, and was fed
in 240 ml of whole milk. The biliary T-tube,
which up to that time had been clamped, was
opened intermittently for 1-hr collections of
bile over the following 4 to 5 days. During this
experiment, therefore, the enterohepatic circu-
lation of bile remained intact. The 2 patients
continued to eat a constant diet which con-
tained 80 g of fat daily.

The second experiment was designed to
compare biliary excretions of radioaclivity
after fecding labeled lecithin, and after feeding
a mixture of methyl-"*C-choline chloride and
9,10-*H-pulmitic acid. If the labeled lecithin
were hydrolyzed, the subsequent hiliary excre-
tion of radioactivity might be similar te the
excretion of radioactivity after ingesting la-
beled choline and palmitate—-molecules which
wonuld be among the hydrolytic products of the
labeled lecithin. Patient E. D. was placed on
a constant diet which contained 80 g of fat. To
ensure that the secretion of biliary lecithin had
reached a plateau,” her enterohepatic circula-
tion was iuterrupted for 62 hr prior to a meal
of 0.292 mmole of labeled lecithin in 240 12l of
milk. Bile and feces were collected continu-
ously over 24 hr for the subsequent 3 days. The
fecal excretion of radioactivity and the cumu-
lative excretion of radioactivity in biliary leci-
thin were measured. Nineteen days later, and
after 72 hr of external biliary drainage, she was
given 1 uc of **C-choline with 15 uc of *H-pal-
mitate in 240 ml of milk, The fecal excretion of
radioactivity, and the cumulative excretion of
radioactivity in biliary lecithin over the subse-
quent 3 days were measured.

Results and Discussion

In experiment 1, the labeled lecithin
was nearly completely absorbed: L. M.
excreted none of the *C and only 2.3% of
the administered "H in a pooled, 3-day
fecal collection. E. D, excreted none of
the “C and only 3.7% of the *H in a
pooled 5-dav fecal collection. However,
the fed labeled lecithin was not excreted
intact into the bile. For the 1st 48 hr, pa-
tient L. M. excreted more biliary "H than
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"C (ratios of 116.1 at 7.5 hr, 34.4 at 24.0
hr, 42.1 at 32.8 hr, and 17.1 at 48.0 hr) rel-
ative to the ratio of 12.5 for these two iso-
topes in the fed lecithin; thereafter, the
excretion of *C predominated. Patient E.
D. excreted biliary lecithin whose ratios
of °H to "C were relatively less than the
ratio of these isotopes in the fed lecithin.
In both subjects, the slope of the regres-
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sion line for the specific activities of bj).
iary 'H was greater than the slope of the
corresponding line for "'C (figs. 1 and 9
table 1). Thus, the two isotopes were ey
creted into the bile at different rates: th,
fed lecithin had been hydrolyzed.

In experiment 2 (patient E. D), .,
0.3% of the absorbed labeled lec. .,
could have been excreted intact intc i,

°
1
b
]

5 60 70 60 90 100
Hours

Fic. 1. Decay of *H (9——-@), and of 'C (A——2) in experiment 1. Patient L. M. was fed labeled leci.
thin, and seven 1.hr collections of bile were obtained from her biliary T-tube over the subsequent 4 days. The

rpecific activities of biliary lecithin were determined.
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Fic. 2. Decay of 'H ( ®-—-@), and of “C (A——A) in experiment 1. Patient E. D. was fed labeled
lecithin, and 13 1-hr collections of bile were obtained from her biliary T-tube over the subsequent 5 days.

The specific activities of biiarv lecithin were detennined.

.
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TapLe 1. Statistical data in experiment 1

. (95, cunfidence Difference
' interval for slope’ s‘::;"
o ~hr

105 -0.0228 to --0.0122

P <001
226 - 0.00562 to —0.00189
135 - 0.0124 to —0.00478 P < 0.05
258 ~0.00441 to - 0.00254 -

Paticnt Liotope R:":“’::l:“
e e
L.M* ...l 'H y = 3.66 --0.0174x

: e 3 = 1.69 - 0.00373x
E.D' . i 'H y = 2.32 - 0.00860x
e y = 1.80 -- 0.00348x

* Data illustrated in Figure 1.
* Data illustrated in Figure 2.
"Reference 14.

bile (table 2); less than 5% of the choline
“C of the fed lecithin was used for the
synthesis of hiliary lecithin. Similar label-
ing of biliary lecithin was found after
feeding radioactive choline and palmitic
acid—inolecules which would have pre-
sumably been among the hydrolytic prod-
ucts of the labeled lecithin. These values
are minimal estimnates of the utilization of
the fed lecithin, or its hydrolytic products,
for synthesis of biliary lecithin. We were
unable to obstiuet the distal portion of
the common bile duct’ to ensure a com-
plete biliary fistula. Furthermore, the bil-
iary excretion of lecithin was undoubtedly
reduced becouse the enterchepatic circula-
tion of bile salts was interrupted.” '

These data indicate that dietary leci-
thin is exteusively hydrolyzed during its
absorption from the gut and its transport
to the liver. lts hydrolytic products appar-

Tane 2. Recovery of radioactivity in experiment

r
Fecal Recovery in
B excretion biliary
Material fed Rile lecithin
volume
H "“c °H “e
T mlin ‘¢ fed < absorbed
3 duays radinactivity | radivaciivity
Lo eled lecithin | 548 95 | 00| 03 | 48
3y .
E palmitate
+ 438 317 [ 421 11 45
(TPR) .
" choline

‘Patient E. D. was fed either labeled lecithin (1-
"H palmitoy], ""C-choline, or "Hepalmitate and HC-
choline when her bile waus diverted. Feces and bile
were collected for the subsequent 3 days. Radioactiv-
itv in the pooled sample of feces and the cumulative
radioactivity in biliary lecithin were determined.
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site of attack of phospholipase A on lecithin: A
recvaluation. J Biol Chem 235:1917-1923, 1960

10. Hanahan DJ, Brockerhoff H: A synthetic route to
“mixed acid” L-a-lecithins and b, e, g-diglycer-
ides. Arch Biochem 91:326-328, 1960

11. Saunders DR, Wells MA: The cholesterol solu-
bilizing capacity of lecithins in aqueous solutions
of hile salt. Biochim Biophys Acta 176:828-835,
1969

12. Bray GA: A simple efficient liquid scintillator
for counting aqueous solutions in a liquid scintil-
Yot e rraintor Anal Ricchem 1-27G-9R8R5 1960

ently enter different precursor pools which
may then contribute to the synthesis of
biliary lecithin. Whether supplemental
dietary lecithin induces an increased ex-
cretion of biliary lecithin could be an-
swered by analyzing quantitative fractions
of bile without disturbing the enterohe-
patic circulation.'® The results of the pres-
ent study indicate that the enterobiliary
circulation of intact molecules of lecithin
is insignificant.
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Components of “Soybean Lecithin™

C. R. SCHOLFIELD, H J DUTTON, F. W. TANNER, JR., and J. C. COWAN, Northern Regional

Rescarch Laboratory,” Pecria, IHinois

ESPUTE vears of produetion and use informa-
ton as to the composition of " sovhean Jecithin™”

ix srprisingly meawer Reeent fexts and papers
repeat e statement that sovbean phosphatides con-
sist af approzinately 3570 Teeithin and 6577 cepha-
Bin 1203, . While lecithin s readily prepared in
high purity frone the sleoholsolubile fraction thronch
the cadininm ~alt precipitation L0 the cephadin
fraction or aeobolinsoluble portion has been poorly
charaetorized. Phosphatides other than leeithin and
evplialin wre known to b presemt feosos hean oil
MeKinnes . Jamieson, and Halton 6 have reported
the prosenee of dinnine monophosphioric acid ol
onatdnn - diphiosphorie acnd phosphatides aned of a
slveosidal Jecithin compless Levene and Rolty -7
have reported a0 fraction which theydeseribeas
poseriblitee cuorin They vewarded this fraetion as
biine Tovead by partial baidrolysis of ecithin
cephinling bt dn the b ot present knowledee 1t
seernis probiable that 310 e tained a0 Jaree monnt ot
inositoleontaining phosphotiches As varly s 1000
Kienk aned Sakai =~ isofated dnositol anmd inositol
monophosphorie acid from soyhean cephadin hydroly
S pented ar e Eed o benaal Meeting of the American (il Chem
Iete sacts o Mas b dudss o New Orloans Lomtainnas This pager

Fegurts prenits ebginonl foan v el praoeet tincanonl Ly the Ne
conr b Mac bt Vo of bl

Fgagge of v Libor oo, o~ of b Bueeion of Aevendtural and fadu~
toal Clemictre Aereabaen! Resssnd Vloonistratien 1 ~  Prepan
tie ! l‘r \L’!lv‘l["l"

boaerpt shone ene ey et otk to denete the cemmon
ararean the oade e v Bocban aefer ercationtty e phosphae eyl

cholrs

zates. but i was not until 1943 that Woolley
isolated an inositol-containing phosphatide which he
calledd lipositol. More recently, in 147, Folch 10
reported the presence of a phoesphatide containing
hoth inositol and glyveerol, However, insuftivient in-
formation is available as to the pumber and camypo
sition of inositol-containing  phosphatides o perit
an estinte of the composition of soybean **lecithing”

Lack of adequate wethods for fractionation of the
complen mixture of soybean phosphatides has hin
dered stidy of their composition. Adsorption anl
partition  eliromatography  have been found inap
plicable 11,1200 The technique ol " eountercurren
distribtion. ™ developed by Craig (13, and ap
plicdd with ontstanding suevess in the sepavatim of
e penicillins, offered a new method of fractiovation
Thi~ technique has been highly effective, and ~ome
preliminary analyses of  sovbean phosphatides ob-
tained by this proeedure are prescited.

Analytical Methods

The procedures used for the determination of intro:
e, phospliorns, choline, antino nitrogen, sugar. and
inositol were dictated in part by the size of samples
availuble from the distribution apparatus and in part
by complexity of the materials being analyzed.

Total nitrogen was determined by the wicro-Kjek
dahl procedure. Phosphorus determinations reported
in Table T were obtained gravimetrically as amme
ninm phosphomolybdate. Owing to the small size of
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\ TABLE 1
Anslysis of Phosaphatide Preparstions
Per Cent | w 1 Ty T -
Preporstion of total Nitrogen Phos- { Molar Choline Amino Bugar Inositol
weight phorus ratio nitrogen nitrogen
T ) R A R R T
" Crude phosphatides.... 100 124 AT 127 042 o 6o 396 115
Fraction I...... 50.7 1.65 ! 854 o7 R3] 062 248 026
Fraction ¥I. 4.1 109 YRT ! [ 0,04 1IR3} ' 7.0% ¢ R0
Fraction 111 66 1.24 J.t0 . 1.12 LU 1.14 | 5.5 : 1.6
Fraction 1V any . in 1.H4 LU L I S 1L S N L X ! 1.3 _

the samples obtained from countercurrent distribu-
tion, phosphorus in the samples from this apparatus
was measured speetrophotometricaliy by Burmaster's
method for total phosphorus (13). Tn the oil itself
phosphorus was determined by a medification of the

. method of Truog and Meyer (164). Both of the last

mentioned methods involve the measurement of opti-
cal density of the molybdenuin blue complex. Choline
was measured Ly the reineckate method of Glick {17).

Amino nitrogen in the preparations in Table |
was determined by the miero nsethod of Van Rlvke

+(18) after refiuxing the sample for 24 hours with

2N H,80,, and filtering. It was found that the Bur-
master periodate oxidation method (1) gave results

“agreeing with those obtained by the Van Slyke

niethod on the aleohol-soluble phosphatides. Conse-
quently, the Burmaster method was used for the
samples from the countereurrent distribution of the
aleehol-soluble fraction because of the mueh smaller
sample required. For convenienee in bandling the
large number of samples from this distribution these
samples were hydrolyzed with 2N 1180, at 1207
in an autoelave overnight. In dealing with the aleo-
hol-insoluble phosphatides, the Burmaster method
gave resulls lower than the Van Slyke wmethod, and
the Burmaster method was thervefore not applicable
to this fraction. This is in agreement with the obser-
vation of Burmaster (20} that low antino nitrogen
values were oblained in fractions of calf brain phos-
phatides containing inoesitol, when compared with
values obtained by the Van Slyke method.

Sugar - was determined by first hydrolyzing 1he
phosphatides for approximately seven hours with
6N 1,80, on a steam hath. After the hydrolyzate
was filtered and neutralized, sugar was measured by
the method of Stiles, Peterson, and Fred (21). Since
Woolley has reported that galactose is present in soy-
bean lipositol (9), all sugar was uniformly ecaleulated
as galactose although other sugars were probably
Present,

[nositol was estimated by a modification of the
Atkin, Schultz, Williams, and Frey (22) mierobio-
logical method for the assay of pyridoxin. Samples
were hydrolyzed with 20% 1(1 at 120°C. for 16
hovrg prior to assay.

Preparation of Fractions

The phosphatides used in this work were separated
from the oil by passing steam into 10 liters of com-
mereial erude hexanc-extracted soybean oil and
allowing the hydrated phosphatides to preeipitate
as # sludge. After removal of this sludge, the steam-
ine, settling, and removal steps were repeated twice.
The combined sludges were centrifuged to separate
the phosphafides from oil and water. The crude
pliosphatides were dissolved in diethyl ether, and the
resulting emulsion was broken by the addition of
sodium sulfate. After evaporation of the ether solu-

tion to small volume, the phosphatides were precipi-
tated from the oil with acetone, The precipitate
obtained was extracted twice by stirring with ace-
tone, redissolved in ether, and reprecipitated with
acetone, The precipitate was washed with successive
portions of acetone until the preparation became
waxy. Four more extractions were made with the aid
of a Waring Blendor, The total weight of the phos-
phatides was 124 grams. Analytical data on this
vrude phosphatide preparation ave shown in Table 1.

Sinee the erude oil contained 0.0729% phosphorus
and, after steaming, 0.0035% pliosphorus, 4% of the
phosphorus in the crude oil was removed and 639¢
was recovered in the phosphatide preparation.

The c¢rude phosphatides were first. separated into
aleohol-soluble and alcohel-insoluble fractions. Of
the crude material 114 grams were extracted with
350-ml. portions of absolute aleohol six times in a
Waring Blendor. The aleohol-soluble portion was fur-
ther fractionated by removing the solvent under
vacuum at H0°C, and again adding absolute aleohol.
The aleohal was evaporated from the clear superna-
tent solution, leaving 55 grams, which ave designated
in Table I as Fraction 1. A small portion, 4.8 grams,
which did not redissolve in the aleohol, iy designated
as Fraction 1L, The alcohol-insoluble portion was ex-
tracted twice in the Blendor with absolute alcohol
warmed to 507C. This aleohol solution was evapo-
rated under reduced pressure at H0°C., leaving 7.1
grams residue designated as Fraction T The aleo-
hol-insoluble material remaining weighed 41.5 grams
and is designated as Fraction IV, (Analvtical data on
these fraetions is also given in Table 1.)

The phosphatide fractions were protected from oxi-
dation by keeping them under carbon dioxide as much
as possible during their preparation and by storing
them at —16°C. in a vacuum desiccator.

Countercurrent Distribution of Fractions I and IV

In prineiple, the countercurrent distribution appa-
atus consists of a series of separatory funnels, each
funnel containing a pair of immiscible solvents. In
the actual apparatus the separatory funnels eonsist
of a series of tubes or holes bored in a exlindrieal
metal bloek, and the upper phase of cach tube may
be readily transferred to the adjacent tube containing
a lower phase, thus achieving countereurrent move-
ment of solvents.

To Tesolve a mixture of solutes, the mixture is
introdueced into one of the tubes. By shaking and
allowing the solvents to separate, each solute of the
mixture is distributed between the two solvents in
the tube according to its partition coeftivient. The
alternution of countercurrent movement and mixing
of solvents tends to separate individual solutes of the
mixture into particular tubes sinee the rate of move-
nment of each solute through the tubes depends upon
its specifie partition coefticient. When the  desired



2487

) T Jotksy or ik GAveieas O CHEMISTST SocinTy, (CToRER, 194~

.’TT 1*]"1"‘1'*1-—" T 1
25— -~{ 200
20"

180

®

-3

o

[-4

: ©

@ 3

w 3

3 — |oo-;’_

e x

- [

:

: - 4850

.05§/~

f/" 3 "~
T S e

4 ‘

| S T L TNz .

(o] 2 4 6 8 10 12 14 16 18 20 22 2
TUBS NUMBER

e-——— G0 % Msthano! Solukis  Hexane Soluble —— ———~e
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number of transfers have heen performed, the con-
tents of the individual tubes are removed and, after
evaporation, the residies are weirhed and analyzed
for constituents,  Chaive obf the pair of inmiseible
colvent< 1o be tsed i~ made with regard 1o the parti-
tion coctlicients of the componnds to be fractionated
aned with revard to the rapidity with which the emul-
sion breaks, Beciise of Hodtations imposed by the
deaire of e distribution appavatis, it s also eritival
that the volume of the Tower phase docs net change
on introduction of the sample

For work with the alcohalsotuble fraction, hexane
and 907 inethanol were found 1o he a stitable pair
of solvents Frction | owas dissolvid in bexane, and
an alignot containnie 197 i was distributed be
tween bexane and 90 anethanol i the apparatus.
After the sample bad been carvied throueh the 24
distribintions which can be poreformed in our 25-tube
apparatis it was fomnd that very Httle material had
reached tube 28 T order 1o obtain better frac-
tionation ~ix e dditiona? distributions were applied
peinge the withdrawal teehnigue deseribed by Craig
P13, I this teehnigine the vontents of tube 24 are
withdrawn wnd replaead by fresh solvent after each
distrhution.

The disteibution operation Just deseribed was re-
pesated Tone tinees, and the cantents of the respective
tubes froon vach experiment were combined. Ater
the solvents were eviperated, the restdues were Jeft
in a vaeinnn desieeqtar until eonstant weights were
obtianied. The wotghts af the fractions are shown
plotted against tobe amber in Fige 10 Welglits of
fractions 2330 e smadl and e not plotted on the
graph. Phosphoris. choline nitrogen, amino nitro-
venn and s wore determined on the Fractions
wherever o safticient conount of material was ob-
tained.  Fhese results were ealenbated as milhimoles
andd are also shown in l'yllL'. 1

For the countercurrent distribution of the aleohy].
insoluble fraetion, hexane and 95% methanol wipe
found to comprise a suitable pair of solvents
solution of Fraction IV was made with hexane, ang
an aliquot coutaining 500 myg. was distributed b
tween the two solvents in one of the tubes. Aiy
the distribution the solvents were badly emnlsfiog
and the contents of this tube were removed and oo
trifuged to give o clear upper and lower layer iy
sonte insoluble material at the interface. The eiagp,
sample was then returned to the apparatus with cap,
to avoid re-emulsification. In the suceeeding disyg.
butions this procedure for breaking emulsions wyg
unnecessary. After the 24 distributions had been oy,
formed, the fractions were removed from each 1l
This complete distribution operation was repeatsd g
just  deseribed. The contents from the respociive
tubes were then combined and the solvent was ey,
rated. The residues were left in a vacuum desiceaqgy
until they reached constant weight. Phosphorus, oty
nitrogen, sugar, and inositol were determined whay.
ever a sufficient amount of material was obtaine],
The analvtical values expressed as millimoles apg
plotted against tube number in Fig 2 along with 1o
total weight of the fractions in milligrams,

Discussion

Choline- and inositol-containing phosphatides are
separated from each other quite satisfactorily on the
basis of solubility in absolute alcohol as shown iy
Table . However, amino nitrogen constituents e
present in hoth the aleohol-soluble and aleohol-insotu.
ble fractions. Since ouly a trace of inositol is present
in Fraction I and since this fraction has a phosphoruy
to nitrogen ratio of 97:1, 1t 1s concluded the aming
nitrogen constituent of the alcohol-soluble fraction
is cephalin, Fraction 1V s estimated to contain 114
inositol. Also this fraction has a phosphiorus-te-uitre
gen ratio of 1.89:1. and a phosphorus-to-inositol ratio
of 1.70:1. Rinee cephalin has a phosphorus-to-nitro-
gen ratio of 1:1, it appears that only a small amount
of cephalin (approximately 597 rematns in the aieo
hol-insoluble fraction. This is contrary to the connmon
idea that Jecithin and cephalin arve separated on the
hasis of their solubility in alcohol.

The resalts of the countercurrent distribution of
the aleohul-sotuble fraction (Fractton [) arve giveu in
Fig, 1. It is apparent from this data that lecithing
cephalin, and a sugar-containing compound ave pres
ent. When a pure compound is distributed among
immiscible solvents in the countercurrent distribotion
apparatus and the amount of material in each tihe s
plotted against the tube number (as in Figs T oand
Y a Gaussian distribution curve should be oorained
(130, In the analysis of a mixture the curve ol be
the sum of the eurves for cach component. Tt the
weight curves in Figs. 1 and 2 represent the <um of
the weights of the components in the mixture. The
phosphoris curves represent the sum of the phos
pliorus contents of all the compounds.

The weight and phosphorus curves of Fig, | eaeh
show a peak coincident with the peak in the choline
nitrogen curve and a hump corvesponding to the peak
in the amino nitrogen carve. The shape of the choline
and amino nitrogen enrves are that which might be
expeeted for groups of elosely related eompounds
stuch as the Jecithins and cephalins containing fatty
acids differing in degree of unsaturation and cham
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- Fua 20 Results of the countercurrent distribution of the
aleohol-insaluble fraction,

length, However, the concentrations of solutes pres-
<ent in these distributions is sufficiently high  that
partition coefficients may he changing with concen-
tration (23) and in part account for the deviation
from the theovetical type eurve. H is also probable
that complexes exist between lecithin and cephalin
~and between the phosphatides and the sugar com-
Ponents. Such association effects or mtual solubility
effects would also distort the curve.

The countercurrent distribution data for Fraction
IV, the “eephalin’® or aleoliol-insoluble fraction, are
given in Fig. 9. 1t is immediately appareut that the
Weight eurve is composed of two peaks, one in the
hexune.soluble portion of the curve and the other in
the methanol-soluble portion. The shape of the curve
or the hexane-soluble material approaches the theo-
Tetical for a single substance while the shape of the
“urve for the methanol-soluble components is sharp
o the left but trails to the vight, the latter being
Indicative of a mixture of related compounds. The
Wost sureprising part of the data is that within the
its of experimental error the phosphorus-to nitro-
Een-to-inositol ratio of “:1:1 is prescnt in all the
tubes, both in the hexane-soluble phosphatides and
M tae 959 methanol-soluble phosphatides.

The sugar content at the left of the eurve is high,
I of the dry weight in tube 0, and decreases to
B9 in tube & Sugar is also found in the peak at
‘)k" rirht of Fir. 2 but in smaller amount. In tube
=3 thepe g 3.9% or one mole of sugar to 5.4 moles of
Dh%phorus. It appears doubtful, thercfore, that
Sugar is a constitnent of these phosphatides. Rather.
1t My be complexed or held by secondary valencee
OTey,

No chemical evidence has yet been obtained which
Joulil aceount for the varying solubility of the inosi-
"?1 Phosphatides. The presence of glveerol (10) or
Uitferon e in unmber and unsaturation of associated
Ay aeids may possibly acconnt for the diference in

O, Cnessrs
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properties. Whoether the sugar compounds are present
in a sugar phosphatide complex or whether sugar is 4
component of the inositol phosphatides, the high
sugar fractions are more aleohol-soluble, as would be
anticipated. The phospliorus-to-nitrozen and phos-
phorus-to-inesitol ratios and the Jow strar content of
certain fractions are not in agrecment with data of
Woolley (9) and Foleh (10, on the mositol-contain-
ing phosphatides from sovbean lecithin, Further
study is necessary before conclusions can be drawn
as to the number and strueture of inositol-containing
phosphatides.

A rough estimate of the composition of the erude
phosphatides used in this work can be calealated
from the analytical data in Table I and the infor-
mation obtained by countercurrent distribution. It
should be pointed ont that the erude phosphatides
exaniined contained ouly 639 of the phosphorus of
the crude oil. This estimate is distinetly tentative wnd
will be altered as more information becomes avail-
able. From the choline nitrogen content of the ernde
Phosphotides, lecithin is caleulated as 2490 if the
molecular weight of 2753 is assumed for the fatty
avids as found by Thornton, Johnson, and Fwan ().

I the inositol phosphatides are considered as con-
taining one nitrogen for ecach inositol, and if the
remainder of the non-choline nitrogen is assigned to
cephaling an estimate of eephalin content can be
made. Assmming the same moleenlar weight for the
fatty acids as was used with lecithin, the crude phos-
phatides are estimated to contain 20% cephalin,

In a caleulation of the amount of inositol-phosplia-
tides some estimate of the pereentage of inositol in
the pure inositol-phosphatides is necessary. At least
two duositol-containing phosphatides appear to he
present. However, the inositol and weight curves of
Fig. 2 indicate that cach tube eontains approxi-
mately the same percentage of inositol. [f the in-
ositol content of Fraction IV is corrected for sugar
and cephalin impurities, the inositol containing phos-
phatides are estimated to contain 1259 inositol.
[Woolley s lipositol was reported to contain 164 in.
ositol (9).] Based on this fizure of 12.5%, the erude
phosphatides contain 337% inositol phosphatides.

The valnes calenlated above are pereentage by
weight in the crnde phosphatides. The remainder of
the erude phosphatide preparation. a pproximately
179 . can only partially be acrounted for as sugars,
sterol glyveosides, ete. Excluding these materials, 20¢;
of the phosphatides present in this ernde phosphatide
preparation is lecithin, 319 is eephalin, and 409 is
inositol-containing phosphatides. This agrees with the
aceepted value for lecithin, but it appears that much
of the phosphatides formerly considered 1o be cepha-
lin are actually inositol-containing phosphatides,

Summary

The acetone-insoluble material {rom soybean
“lecithin’’ has been fractionated by submitting aleo-
hol-soluble and aleohol-insoluble portions to counter-
enrrent distribution between hexane and methanol,
The aleohol-soluble portion was found to contain
lecithin, cephalin, and sugars or glveosides; the alea-
hol-insoluble portion was separated into two major
mositol-containing phosphatides and sngirs or glveo-
sides. While the conmonly iceepted valoe of 30.:35¢
for lecithin in the phosphatides was contivmed. it
appears that the aceepted value of 6397 of vephalne
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newds  pevision,  The approximate composition for
one sample of sovhean phosphatides s estimated
to be 2000 lecithin, 315 cephalin, and 04 inositol-
[hosphatides,
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EFFECT OF LECITHIN ON THE CONDITIONED REFLEX ACTIVITY OF RATS

M. A. Sergeeva (From the Laboratory for Higher Nervous Acitivity [Head:
Prof. A. I. Makarychev] of the Nutrition Institute of the USSR Academy of
Medical Sciences, Moscow)

A number of studies (A. Ya. Danilevskii, E. K. Prikhod'kova, A. M.
Vorob'ev, I. N. Zhuravlev, et al.) have shown that lecithin causes signi-
ficant changes in the activity of the central nervous system.

A. I. Makarychev and M. A. Sergeeva have shown that lecithin also
exerts a considerable effect on the conditioned reflex activit& of the
brain cortex of dogs.

The present article is concerned with a study of the conditioned
reflex activity of rats, using the method of defensive conditioned reflexes
(electrostimulation in a 3-chamber passage).

An electric current of minimum strength from the city power supply
system was used as the unconditioned stimulus, inducing a threshold stimu-
lation, while light and sound from a bell were used as the conditioned signals.
In developing a conditioned reflex in rats, the electric current was switched
on in the floor of the starting chamber (where the rat was located) and in
the floor of the middle chamber for 4-6 seconds until the rat ran over into
the third section of the passage where no current was turned on. After
conditioned reflexes were established, current stimulation was occasionally‘
used (for a duration of 1 second) to strengthen the reflex.

Before the test, the irritability threshold was determined in 24 rats
and electroencephalograms were recorded, in order to subdivide animals with
a different irritability threshold and a different bioelectric activity of
the brain into 3 groups, namely one control groﬁbvaﬁd two test groups (with

8 rats in each group).
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All rats received a food mixture consisting of casein, corn starch,
fat, salts and vitamins.

Lecithin was given per os to the test animals, in a dose of 1 mg/200 g
BW to one group, and in a dose of 25 mg/200 BW to the second group.

After the different doses of lecithin had been given for 3 weeks, the
development of a conditioned reflex to light and sound (bell) was started;
the study included the time at which the conditioned reflex was manifested,
its establishment (consolidation), and any changes in the already established
reflex. The test period, with a daily administration of lecithin, lasted
40 days. At the end of the study, the brain biocurrents were recorded.

The results cbtained showed that lecithin causes changes in the irrita-
bility (excitability) of the brain cortex, which 1s increased with small
doses (1 mg/200 g) and decreased (lowered) with large doses (25 mg/200 g).

In control rats (which did not get lecithin), the conditioned reflex
activity did not change during the testing period. Also, no changes were
noted in the magnitude of the irritability threshold and the bioelectric
activity of the brain cortex.

In control rats, positive defensive conditioned reflexes were generated
at the 20-30th combined stimulus, and discrimination was established at the
4-5th combined stimulus. The animals behaved quietly during the intervals
between stimulations.

A different pattern was noted in the test groups. In rats which
received small doses of lecithin, the irritability threshold decreased by
a factor of 1.5 to 2, and conditioned reflexes were éenerated at the 15-20th
combined stimulus. In 4 animals of this group, a.continuous conditioned
running about the passage was noted (rats nos. 11, 12, 13, and 10), while in
4 other rats the reflex was expressed more strikingly in a conditioned squeak,

the running about was unsystematic, although almost always a reaction to time
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was noted, namely, at the moment the conditioned signal was given, the
animals ran up to the opening of the middle chamber.

The positive conditioned reflexes thus developed were quite stable,
they became extinct (vanished) in most rats only when the stimuli were
applied without any reinforcement during the course of 10 or more times.
Inhibiting reflexes developed in a normal manner. The: rats were very
mobile; during intervals between stimulations they frequently ran along the
passage (6-7 times during a 3-minute interval). The brain biocurrents at
the end of the test period were different from those recorded prior to
administration of lecithin, and were characterized by waves with a more
frequent rhythm ( ?* - and § - like waves).

Thus, lecithin in small doses increased the excitability of the brain
cortex.

The use of lecithin in a dose of 25 mg/200 g gave the opposite results,
namely a lowering of the excitability of the brain cortex. The irritability
threshold in animals of this group increased 1.5 times during the test period.
Conditioned reactions were expressed only in the form of squeaking, and the
rats ran through the entire passage mostly after the action of the unconditioned
stimulus had ceased. Upon stimulation by the electric current, the rats
remained in the starting and middle chamber, or, after having run halfway
through the passage, they returned again to the starting chamber. During the
test, an increased diuresis was noted in the animals (possibly as a result of
a weakening of the function of the brain cortex). In rats of this group, the
brain biocurrents also exhibited a change, but a different one than in the
rats of the first test group. At the end of the test, waves of a slow rhythm

were noted on the encephalogram, and in 2 rats (nos. 4 and 2) peak-shaped

(spiked) waves appeared.

* symbol illegible
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Thus, the results of this investigation have shown the effect of
different lecithin doses on the process of development of conditioned reflexes
in rats: at a small dose, the conditioned reflexes of test rats developed
more quickly than those of controls, were stable and became extinct (vanished)
with difficulty. With a large dose of lecithin, it was not possible to

develop a conditioned reflex, which would make the rats run along the passage.
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o BJAUAHUE JEUHUTHHA
HA YCJIOBHOPE®JIEKTOPHYIO HESTEABHOCTb KPbIC

M. A. Cepzeesa

M3 naGopatupun puiciiefi nepnnoft mestesvuocta (328 —mnpod. A. H. Maxkapwvues)
Huctutyra nutannst AMH CCCP, Mockea

Punom  paGor (A, S1. Haunnenckndt, E. K. Ilpuxoaskona, A. M. BopoGbes,
H.H. Xypasaes s jp) [oKkasano, 4TO JCUHTHR CYHWECTHCHHO HAIMEHACT JCSTeALHOCTDL
BeRTPANLIoid  nepupolt ciueremu,

A M. Maxapoen Mo A, Cepreesa nokasaan, uTo JNCUMTHH OKa3biBaeT 3naud-
m-gx,uoc BANSILIC B i YCAUIUPCGUICKTOPHYIO JeATeALROCT KOPBl  FOAOBHOMO  MO3Fa
NIETS Tt

B pacrosinedt paGoTe H3vuanach yojaosnopeuIcKTepnan aesiTeAbHOCTh Y KPHIC MeTo-
J0M  0GOPULHHICIHBILIY  yCAonUblX  pehackcon  (2acKipopasapanenne B 3-KaMCPHOM
Kopunope).

Desycaonp M pasipmKkiTescM  CHYKHA  JACKTPHYCCKHIT  TOK OT TOPOACKOR  ceru
.\’!J!HH‘,\H]HMI()I"i CHADL!, I'l,f‘»hlUZH(HIlHE"l noporopoe ]]2],’1,’Lpi}]l\’l‘HH(‘; YCAOBHLIMHA CHIrHa 1aMH —
Caer g o3sonok  IIpn cipafoike y KpLIC YCAOBHOTD PedicKea 3ACKTPHYCCKRil TOK BKAW-
Vamy B nod HeXOMNvil KaMepht (rAe HOMeNlaad KPHICY) M B LOJ Cpeadcll KaMmepul Ha

65

5 Donpocis puvonusg, Mo

46 CeKyHi 0 nepeGexKM B 3-10, GeCTOKOBYIO, uYacTe Kopuaopa. Tlocae ynpotenug
YCAOBHKX pricKCoR PA3APAMCNHC TOKOM ITPHMEHSIOCH H3peaKa (AAuTeaAbHOCTHIO 1 ce.
KYyHAYy) Jas HOJIKPCINICHHS peduierca.

Iepea onmicM v 24 xphic Gull cupeacdelt Nopor  BO3GYAHMOCIH M IPOH3BCMCH;
3ALUCH 3ACKIPONMICGEAOIPAMM € HEALIO PACTIPCACACHHST MHBOTHLIX € Pa3IUuHofl BoJmu;.
ROIT  1OPOIOROIT  BOABYJMMOCTH 1 PALIHMHOM  XAPAaKTeDHCTHKOH  GHOTCKTPHUCCKYI
AKTHRHCCTH %03a B TPH TPYNULL— OAHY KOHTPOSiLIIYIO M Bt NOAONWTHHX (10 8 Kpue
B Kam o). )

Bee xpucnt noayuantu nHeRvIo cMech, COCTOSIIVIO M3 Kasewha, MAICOEOTO Kpax.
Maaa, ERpA, Coaclt i BHTAMHHGD.

TToaeinating AGIBOTHLIN ACIGITHIL BLOJULIH Per 0S8 OAHOR rpymie — o 1 mr Ha 200 ¢
BOCA FMBOIHOTD, APVIONR — no 23 mr ua 200 r

Fiocas 3 neacApHoit Aauy pasAnuiplx 03 Jciiiria 6uaa HawaTa supaloTKa yenos.
Noro pedacKkea Jid CHel 3 3ROHCK -~ RAYHAA0CH RPCMSE NPOABACHA YCAORIOIO pedackcs,
ero  SakpesIcinD M oOMBMEHCHHS  yHe  VETALOBABIICrocs pethackea. Onuttiuil mepuon ¢
CROMHCBHON JAUeT JCNHTIINA [POJOTAHANCH 40 jciH. B OKoue necseoBaHHA NPOLH3no-
Juthacn sainch  (GIOTGEOR  MO3ra.

Hoayuennne pe3svaLTarhi NOKAZDJLY, YTO JCUETHH - H3MERACT BO3GYAHMOCTL  KOpi:
MO4rA: B MRy Koanucerpax (1 Mrj2007r) on mopruact ee, @ B GOILILNX (25 M /200 1) -
NOHHACACT,

Y Kpuic
ACATENHHOCTL 31
Heltlt R4y

HOTO MO3Ta.
ToRoxHicantible  yCIOBREC OGOPOIRTEAbHLIC POGICKCH Y KPBIC KORTPOALHOA Tpyn.

net prepabarnarares na 20--30-M couctanny, & AkUpeHitpoBra — Ha  4—5-M  couery-
HuH. Bonicpepuinbt MCAULY PAIAPAACHIAME JKHBOTHNC BEIH cehn cuokniina,

Huasn kapiara RaGA0ianz2ch & HOASHLITHNX TPynnax. ¥ KPLC, HOIVHABIIHX Madoc
KOAHMYCUTHO JElrTiHA, NOPor BO3GYanMoCT: yMmeunwmaacs p 11/,—-2 pasa, yeioseele peg-
A¢xCbl supabarunanuck Ha 15 --20-a couerarint Y 4 ®HDOTHBLIX 3700 TPYyRUBL 01MEYa1als
Ge3OTKAINAN YCronHasn NepeHedKa 1o KOpHAopYy (KpiChl No 11, 12, 13 u 10), a y ueru-
pex ApYrHE peduaexc Golec spPKO TPOMBASACA B YEAOBHOM THCKE, nepeGemka 6braa ne-
CHCTOMATHUCCKAY, XOT3 10uIH  BCOIAA Ha(MOJanach PCRKILIM HA BPeMA — K MOMECHIY
NOAAMH VCAOUHLIX CHIMAIOB MUPOTELE NHAG2KAi K O1BCPCTINO Cpelneil KaMoeph,

BupaGoiaiiiuie ROMOKHTCALALIE  YCAORKEE PehIekep 0%a3adich BecbMa ycroituy-
BEIMK, OHI YiaCiaail Y GOABLUNINCTRA KPHIC TOJAbKo NOCAC APHMCHCHHA paspamiteaci Gea
poakpeiena oo reuctiie 10 n Goaee pas Topaosubie pedracKest BLIpAGATLIBAJNCH HOp-
aroanHo. Kpuiens GRt ONCHL HOABIHCHIL B NEPepHBE MUY PasIpamkceHnsiMiy OHH 4acToe
6eraan 1o Kopupoay (6—7. paz 32 3-MHEYHLIL HHTCPBAA). buoTokit Mo3ara B KOBle
ONLITHOTO HOPHC1a OLIRMAANCH O GiOTOKOD, 3AMHICZHHLIX 10 Jlayt JclutTiHa, H Xapakx-
TeprsonaaNcs roaNaMi ¢ 6oJce wacipv putMom (- M 3-110;100HbIM) .

Tariy OOGPU20M, ZCIUTHH B MaiabX [103aX OOBRMINAT B030YAHMOCTL KOPbL FOJOBNHO-

EOHTPOILHOH IPYENBL (e 10AYTARNIAX NCIWTIHA)  YCA0BHOPCDICKTOPR:
BPUNST HCCHCAOBAHAY HC N3MEHSLIACL. He na6ma103anoch TakXe HiMe.
nopora Bo3BYAHMOCTI 51 GHODACKTPIHMCCKON AKTHRHOCTIL KOPWl Toa0:-

TO MO3ra,
Ilpiseneniie aeuntena B aose 25 mir/200 ¢ npuseno x ofpaTieiM  pe3yabraTaMm -—
NOHAKCHING  ROIGYIHMOCTH KOPBt roaopnoro Moara. Ilopor po3fyanmocTi v MHBOTHUIX
3TOI Ipynnn B HepHoj onbifa nontmiaacs (B 11/, pasa). ¥caosupie peakiuil Npostsis-
AUCH TOABKO B HOPMC LHCKA —- KPLCH upcferas uepes BeCh KOpiiop Goatmweit yacrhio
HOCAe HpeKpaus M JefieTost Gezveaosnora pasapascireas. TTpu pasipamcemnt 33cKTpi-
HOCKHM  TOKOM 041 3A1CL/KHEBAMHCL # BCNGIHOIL hon cpeanei kaMmepe wast, 1060Kae 1o
COPOARNEL KOPHI 013, CHOBA BU3BPRULATHCH 8 HCXOLHYIO Kamepy. Bo ppestst onuira y Hux
HAGAI0AICH Lo - LHUCIHLL AUypes  (BOSMONIO, B PeayAbrate oCTabacHin QynKini Koph
mosra). Huotors Mosra ¥y KPLIC 31O IPYNNLL TAKKC H3MCIBLINCh, HO HHade, 4eM Y Kpbic
HCPBOH DOALHLACH Dpyunsl, K KolUy OnmTa 1a 2I0RTPOIRNCHALOrparMMe OTM4amich
BOJTHLL € ML M paIMOM, a ¥y 2 kppie (ANb 4 a0 2) nOsSBHTHCH THROUGDE3HHIC BOJNEL
TokuM  H001A30M, PCSYABLATH APGACT HIOIG HCCICAORINHA [TOKasa/ll BIUSIHHS  pas-
AMMHDIN 403 JACITHNA KA nponecc BLpaGOTKI  yenosunx  pediickCun Yy KphICT MpH
MANOf 03¢ YCIOBABE PeQUACKCE Y UOAGHDITHBLIY KODIC BHPAOATRIBAMHCH OBICTPUC, UM
Y KonTpoabnuty, GLIan CTOfRBMM B yrawaauch ¢ rpyiosm. Tipir Goavtoit 103¢ AEMHTHIA

YCAOBKCTO pohrokea ¥a GO 0 KOPIopY BHMPafoTars HE VAaddoch.
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The Effect of Phosphntidcs on Utﬂization of Vitamiy A and Carotene,

CHaRrig A, Stangr, AND ALBRRT Sciary, (Introduced by H. . Kesten.)
From the I)r’pnrtmmt of Animnl Care, Columpiq L'm'v«"rs[fy, New Yorz.

The broblem of ¢}, utilization f carotene
and vitamin, A ag influenced by the oi] or fat
' the diet has been investigated repeatedly

Shermgn: Studied t]e effect of various ol
0n the utilizatiop of carolene and found that
the addition of 0.1 m) of Coltonseed o] daily
angd Specially soybean ojl ¢, the diet greatly
l.mPTOVed the growth response of Vitamin A
Uelicieyy rats receiving | and 7 g Ciarotene

aily, . ,

Quackcnbusch, Cox and.Steenbogl2 reported

]

: Quuekmbusvh, Fow, Cox, R. P, 1y1q Steenbock,
L By, Chem., 1043, 140, ciy,

‘Nhorm:m, w.oe, . Nutrition, 1601, 25 153
2

that tocophero] Promoted (he response tq
tarotene ang concluded thay tocophero] func-
tioned jn the intesting] tract as ap antioxidzant,

Shermans3 Teported  thyy carotene  ug
destroyeq ip the intesting] tract in the absence
of locophero],

Quackmﬂ)usch, Cox ang Steenboclk pro-
vided further evidence thyy tocophero] js essen-
tial for the utilization of carotene in the
intesting) tract hyt Teported evey, better results

with g soyhean of distillate,
—— — T ———
i thrmun, W. ¢, Yed, Proe. Soc. Bior, Chem,,

1942 1 g4y
1 Qu:zekcnbuseh, o, Cox, R, P, ang Steenbock,
IL, J. Biol, Chem,, 1942 143, 169,

2606



18 UTILIZATION OF VITAMIN A AND CAROTENE

As it is known that the antioxidant activity
of tocopherol in vitro is greatly influenced by
cephalin” it seemed advisable to investigate
this problem further. The evidence presented
by our experiments indicates that this syner-
gism between cephalin and tocopherol exists
also in vivo but that other factors may be
involved in the utilization of carotene and
vitamin A by the rat.

Experimental. Female albino rats, Sherman
strain, from our laboratory colony, 28 to 30
days old, weighing approximately 60 to 66 g,
were kept in individual metal cages provided
with raised screen floors. The basal diet used
had the following percentage composition:
casein Lahco, 20; cerelose, 72 salts, Oshorne
and Mendel, 4; cottonsecd oil, 4. This dict
was supplemented with thiamine 2 mg, ribo-
flavin 4 mg, pyridoxine 4 mg, nicotinic acid
1 mg, choline 500 mg and 200 mg of Viosterol
per kilogram of diet. Synthetic calcium panto-
thenate was given orally, 100 pg daily. The
rats were weighed daily during the depletion
period and 3 times a week during the 4-week
period when the test substances (phosphatides
and soybean oil) were included in the diet.
The purified diets and mixtures were freshly
prepared each weck and stored at 4°C. Food
consumption was determined.

Discussion.  Although our basal diet was
similar to the diet used by Sherman, Steen-
bock, et al., we failed to get the expected
growth response with the rats recciving 2
U.S.P. units carotene or vitamin A and a diet
containing 4% cottonseed oil which should
have been sufiicient to provide the necessary
tocopherol. However, our diet differed from
those mentioned before in that both authors
used yeast or rice bran extract as a source of
the B complex in their diet while we used the
synthetic vitamins inentioned above. The
striking response of our rats to 1% soybean

5 Swift, C. E., Rose, W. G., and Jamieson, G. S.,
Oil and Soap, 1942, 19, 176.

* We are indebted to the Ameriean Leeithin Co.,
Elmhurst, L.I., N.Y., for furnisbing us with com-
mercial soybean phosphutides.  These soybean
phosphatides are composed of about 20 to 25¢%
lecithin, 25 to 30% cephalin fraction, including
some ‘earbohydrate, about 15% inositol phospha-
tides and a carrier of 30% soybean oil.

phosphatides,* and to a certain degree to
0.3% soybean oil, indicates the presence of an
unknown factor, possibly also present in yeast
or the B complex and essential for the utiliza-
tion of vitamin A and that this factor is not
present in cottonseed oil,

That factors of the B complex may be
essential for the utilization of vitamin A was
proved by Popper® who showed that choline
deficiency interferes with vitamin A utiliza-
tion. However, in our experiments, enough
choline was provided to exclude this possi-
bility. It may be noted that the presence of
a hypothetical factor for the utilization of
vitamin A and carotene has been suspected
before™ and it was claimed that palm kerne]
meal, coconut cake and acetone-extracted
herring roe are rich in this factor.

It can be seen from Chart 1 that the vitamin
A-depleted rats gave essentially the same type
of growth response with 2 units of carotene ag
with 2 units of vitamin A (cod liver oil) when
1% of saybean phosphatides was added to the
diet. As these soybean phosphatides contain
considerable amounts of soybean oil (up to
3096 ) two groups of rats were given the equiv-
alent amount of soybean oil (0.3%) instead
of the phosphatides in the diet. Although the
rats receiving soybean oil plus 2 units of
vitamin A showed a gain in weight, they failed
to equal that obtained with the phosphatides.
After the third week the rats receiving soybean
oil instead of soybean phosphatides started to
lose weight while those receiving phosphatides
continued to gain. Even more striking was
the fact that the animals receiving phospha-
tides were in much better condition at the end
of the 4-week test period than the rats receiv-
ing only soybean oil. The fur of the soybean
oil rats appeared shaggy and dry while that
of the phosphatides rats was sleek and glossy.

The above experiments were repeated sub-
stituting 4% soybean phosphatides in the place
of 1% phosphatides in the diet. The increased
intake of soybean phosphatides did not appre-
ciably change the gain in weight.

In addition, two groups of vitamin A de-

6 Popper, H., and Chinn, H., Proc. Soc. Exp.
BroL. ANp MEep., 1942, 49, 202,

7 Morton, R. A., dnn. Rev. Biochem., 1942, 11,
371.
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CAROTENE COD LIVER OIL
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pleted rats were given soyhean phosphatides 1o 4 lesser degree. Rats fed the vitamin A--

without vitamip A, These rats lost weight  deficient diet supplemented with soybean oil
tven more rapidly than those receiving the and 2 units of vitamin A appeared in poor
asal diet without vitamin A. This response  condition and began to lose weight after the
May be due to the strong lipotropic effect of third week,
Soybean lecithin, Substitution of cod liver oil in place of
Summary, Vitamin A-depleted rats fed a carotene as the source of vitamin A in the
Vitamin-free diet, supplemented it} synthetic  diet, with addition of soybean of] or soybean
B Vitamins and 2 U.S.P. units of vitamin Ain  phosphatides resulted in g growth response
the form of carotene, failed 1o gain weight in  similar to that obtained with carotene. How-
$Pite of the presence of 4% cottonseed o in ever, cod liver oil alone also caused some gain
the diet, Satisfactory erowth was obtained ip weight.
Whep soybean phosphatides (19 ) were added In the presence of soybean phosphatides,
10 the diet. An amount of soybean oil (0.3%)  carotene was as well utilized as vitamin A
Suivalent o that contained in the soybean under the conditions of our experiment.
Phosphatides used also promoted growth but
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Use of Sova Lecithin
Will Save Scarce Fats

By JOSEPH STANLEY

American Lecithin Co., Inc., Elmhurst, N. Y.

This ingredient will also ex-
{fend the stability of fats, will
reduce the amount of egg
yolk required in ice cream,
will stabilize vitamin A po-
tency and extend vitamin B,
activity, and con be em-
ployed to cut costs and im-
prove quality in the confec-
tionery, baking and ice
cream industries

ECAUSE of cconomic dislocations

arising from the present world
war, soya lecithin is acquiring an in-
creased amportance in improving  the
quality, extending the period of sta-
bility, and cutting the costs of food-
stufts. Foods containing fats, egg yolks
and vitamins A and B, are particulurly
affected. Savings of important fals may
be had by using lecithin in the con-
fectionery, chocolate, biscuit and bicad
making industrics. The peniod of «ta-
bility of the cdible fats themselves may
be lengthened for long storage o export
by a trace of soya lecithin. In products
such as icc cream, the supply of egg
yolk can be extended effectively by a
mixture of lecithin and glyceryl moao-
stearate.  German military emergency
Lations contain lecithin?

Utilization of all grades of flour in
macaroni products is possible by inclu-
ston of 1 percent of lecithin, Stabiliza-
ton of vitamin A potency and exten-
sion of vitamin B, activity are also
dccomplished by adding sova lecitina.
Because of their excellent propertics,
vitamin-fortificd mixtures of lecithin-
containing margarine and dairy butter
are popular in Furope, even in poace-
time,

As known comunercially, soya lecithin,
o1 simply “lecithin,” is the phosphatide

1

antioxidant.  Most prepared foods are
randon  or unorganized systems of
water- and fat-containing constitucnts,
often in the fincly divided or collodial
state. Most frequently we encounter a
glvearide intennixed  with  protein ot
carbohydrate matter in varving degrees
of dispersion, with or without water.
In such foods, lecithin shows its col-
loidal propertics at the contact points
of the suspension or mixture. When
lecithin is dispersed in these foods its
molecules proceed at once to the fat-
water interfaces, arrange thansclves in
an orderly  single-molecule layer, and
greatly  change  the  properties  and
quality of the fmished food.

The lecithin commonly used s ex-
tracted from soybcans grown in the
United States. There has been a steady
increase in the sovbean crop until now
it exceeds 100,000,000 bu., and a steady
decrease in the price of lecithin until
now it is available at very reasonable
cost for almost any industrial usc.
Purificd hexane is used to extract the
lecithin and oil from soybeans. During
recovery the solvent is then distilled oft
from the extract, leaving a residue of
lecithin suspended in oil. The lecithin
is separated from the main body of the
oil by hyvdration with steanm and subse-
quent centiifuging. The lecithin emul-
ston as scparated is then dried under
vacuum at low temperatures.

This commercial product contains

roughly equal proportions of lecithin,
cephahn  and soya oil, with small
amounts of sterols and inositol. Some-
times the sova oil is removed by selec-
tive extraction with acctone, and re-
placed with another il or a fat such as
cocoa butter. This adsorbed oil or car-
rier serves to render the product indefi-
nitely nonputrifying and readily dispers-
ible.

Characteristics

Lecithin is a bright light-brown, soft,
salve-like substance of ncutral odor and
bland tastc. It can be bleached to a
faint golden tint. At about 150 deg. F.
it melts to an oil which disperses readily
in warm glyceride oils. In the melted
state it takes up limited percentages of
alcohol, glycerol and other solvents to
form combinations which remain fluid
at room tempcerature.  Commercial
lecithin is only partly soluble in alcohot,
but completely soluble in all aliphatic
and aromatic hydrocarbons.  With
water it readily forms cinulsions which
can be diluted indefinitely.

Chemically, lecithin may be visual-
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Fig. 1. Relative efiect of locithin and cocoa
butter on viscosity of dark chocolate. (A)
Most effective percentage of lecithin, 0.35
percent. (B} Percenlage of cocoa butler,
approximately 8 percent, required to give
same viscosity as addition of 0.35 percent
lecithin.
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-constituent of the soy bean. It scrves
a5 an excellent interface agent (a 1c-
ducer of friction or attraction between
particles) in food mixturces, and as an

- FOOD INDUSTRIES, JuLy, 1942 [Y (7>L7 69’7/ 63
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Fig. 2. Viscosity curves of typicol chocolate products.' (2) Chocolate liquor. (3) Dark
chocolate. (4) Light sweet chocolate. (5) Milk chocolate, 12 percent milk solids. (6) Milk
chocolate, 18 percent milk solids, no lecithin. (7) Milk chocolate, 18 percent milk solids,
with lecithin. (8} Buttermilk chocolate. (9) Ice cream coaling.
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MATERIALS

ized as a diglyceride, esterfied in turn
to phosphoric acid and choline. The
related and associated  phosphatide,
cephalin, has the same structuic except
that it contains cthanolamine in place
of choline. The molecular structure of
both lccithin and cephalin discloses a
strongly lipophylic fatty acid group at
one end of the molecule, and a strongly
hydrophylic amine group at the opposite
end. This naturally balanced antipolar
configuration confers the mterface prop-
erties by which a gieat many of its
industrial applications  are explamed.
When dispersed ni any hcterogencous
system, such as chocolate, margarne or
ice cream, the phosphatides are visu-
alized as forming z laver onc molecule
deep at the intcerface between  the
hetercogencous constituents, with the
fatty acid part of the molceules facing
the lipoplnle surface. and the amince
part facing the hydroplyle sugface. The
practical result of adding a Tew tenthis
of a percent of lecithm to thece foods
appears magical. In the case of choco-
late, a thick mud-like wass Jiguefies into
a thin liquid almost mstantly. With
margarine, superior emulsion 1esults in
a product of increased ulitity for
culinary purposes and for bualing. Tee
cieam using high serum solids, in which
lecithin eficctively prevents o ystalliza-
tion of luctose, becomes a  velvely
smpoth product, fice of sandincss.

The auntioxidant propertics of Jecithin
are commonly ascribed to the aniine
and phosphoiic acid  parts of the
molecule.  OF course, lecithin has the
obvious advantage of being a natural,
innocuous and thoroughly natritions
antiosident for use in foods.

In itsclf, soya lecithin is a concen-

TABLE I— Effect of Hect on

Viscosity of Chocolate Products

as ‘Measured by MacMichael
+ Viscosimeter. -

\'iscusity" Viscosity

Sample befors after

No. Kind heatiny  beating
1 Cocoa batter................. 1
2 Chocolute liquor.............. 00
3 Dark chocelate... .. 357
4 Light sweet ehocolute. . 220
5 Miik chocolate, 1275 mili: solid: 489

8 Milk cliacolate, 187 mitk solids.
no lecithin. ........ A LS 1830

7 Milk chocolate, 1875 milk sutids.
withlecithin.............. 8 364
8 Buttermilk chocolste - 43 189

9'  Tce cream coating. 33¢, coroa
utter.. ........ R 2 12

10 Tee creatn coating, 637, cocou
butter....... ... ......00. 3 5

trated and valuable food occurring
widcly. The most important and vital
organs and fluids of the vegetable and
anninal kingdoms contain lecithin or its
associated phosphatides, and its pres-
ence adds to their dictetic valuc. Thus
we find lecithin in meat, brains, nerves,
blood and dairy preducts, as well as in
all sceds, beans, nuts and graios,

If the lipids of foods containing only
traces of oil are analyzed, they will be
found to consist largcly of lecithin and
its associated phosphatides. In such
low-fat foods we find the phosphatides
generally complexed at interfaces with
carbohydrates, proteins or compounds
of silicon. Such a situation cxists in
flour, starch aund skim milk, and in the
foods manufactured from these. Let it
not be assumed, however, that lecithin
serves no function in these foods. Tor
example, removal of the Jecithin from
gluten by cther extiaction causes the
gluten to lose ils identity and degenerate
into a uscless crumbly mass. s char-
acteristic properties aic restored by re-
storing the lecithin,  For this reason
one need not be surprised to learn that
soya lecithin imiproves baked goods and
macaroni.  They depend  largely on
proper gluten functioning for quality.

Applications

When examining the interfacial and
colloidal behavior of any system:- con-
stituting a food, with a view of utiliz-
ing the advantages of adding soya
lccithin, one can well bear in nund the
chemical, physical, collpidal, antioxidant
and physiological properties of soya
Tecithin as smmmuarized. .

Specific applications of soya lecithin
in the food industrics have been the
subject of much study and many patent
applications.  Tn_dispersions of fincly
divided material in a fat like chocolate,
cocoa coatings, ice cream coatings® and
wafer fillings, lecithin acts primarily as
an cdible wetting agent. By using
lecithin, these products can be manu-

TABLE III—Effect of Moisture

on Viscosity of Chocolate
Products.
Moisture With 0.3 With 6%
{percent) levithin cocoa butter
0.50 112 112
0.73 130 132
1.00 143 1150
1.25 187 193
1.50 230 238
1.73 230 200
2.00 330 440

TABLE II--Effect of Temperature on Viscosity of Chocolate

Bample 05
No., Kind F.

2 Ghoealatelinuor........ ..o o i 101

3 Dark choealate ..o oo o 390

1 Light eweet ... T 227

3 Muok chocolate, 129 milk solide .. ... 570

[ Milk chocilate, 187, milk zolids, ne le ithin .. 1tH3

v Milk choenlute, 16%5 milk soiids, wite lerithin B

$ Buttermilk chocolate.............. Lo 463

100°  103°  110° 1207 1307 1407 150° 1509
F. ¥, F. F. F. F. F. F.
95 £8 &0 Ho 61 34 48 42
370 3ot 340 315 293 2% 263 249
214 206 199 189 183 190 197 209
354 319 347 355 4 .
1004 1004 1025 1100 1193 1385 1530 ...
268 - 260 251 239 a1 232 242 264
438 413 392 3a9 344 340 335 390

factured to the same fluidity with a
much less oil or fat content. A flavorful
undiluted food is thus produced with
savings in labor, power, time and
money.  When Iecithin scrves as a
wetting agent, most beneht is obtained
when the interfaces or meeting points
of the hetcrogencous constitucnts are
covered with an antipolar layer onc
molccule deep. Because of this fact the
theorctical percentage of lecithin e
quired is calculable from molecular con
stants. Depending on  fincness,  this
optimal percentage generally figures out
between 0.1 and 1 percent. This cal
culated percentage range checks with
experience.  This behavior shows an-
other advantage of lecithin in that its
benefits can be gencially obtained by
using only a few tenths of a pereent in
the finished food. -Indeed, percentages
beyond these low optimums may canse
a reverse cffect, as shown i Ig. L.
Confectionery . -
v o

In a heterogeneous system like choco-
late, uniform wetting of the hydrophylic
disperse phase results in colloidal sta-
bilty. Recently the beneficial cftect of
Jecithin in chocolate has been studicd
by mechanically measuring the plasticity
or change in viscosity.,'! Cocoa butter,
lecithin, moisture, air, milk solids, fine-
ness, temperatures and processing have
been shown to be among the factors
influencing “the plastic belavior  of
chocolate. .

Besides  stabilizing  the  chocolate,
saving cocoa butter, and counteracting
the thickening cffect of moisture, lect-
thin protects colloidal dispersion, espe-
cially of milk chocolate, in the melted
or ovetheated state (able 1), Vis-
cosity curves also show how the lecithin
countcracts gumminess and  Improves
coverage of chocolate coating (Iig. 2).
Chocolate stabilized with lecithin has
been found to have a readily control-
lable temper when properly heat con-
ditioned for enrobing. By widening the
cnrobing temperature range, and con-
trolling undesirable crystallization of the
higher mclting glycenides with lecithin,
production of chocolate goods of un-
usual stability, smoothness, luster and
resistance to bloom at lower cost has
been found possible. '

Oil-containing confections like cara-
mels and nougats are made essentially
by boiling a sugar sirup with a fat. Ia
such products, lecithin acts as a high-
temperature anulsifying agent, causing
rapid dispersion of the fat in the hat
sirup, The result is a smooth, unifonn,
creamy confection. At the same time
lecithin  counteracts  greasiness, grain-
ing and staling, to give a longer shelf
life. This application of lecithin is im-
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portant to the cxtent that some manu-
tacturers of oils and fats for the con-
fectioncry trade incorporate lccithin
into all their products.

Ice Cream and Margarine

Soya lecithin has a special stabilizing
effect m ice cream It imparts a vel-
vety smoollmess, as well as improving
body, melt-down and heat-shock chur-
acteristics. Lecithin may also show strik-
ing advantages when used in conjunc-
tion with other stabilizers, such s
glyceryl monostearate.  Above all, it
prevents  crystallization  of lactose in
high-serum-solids 1ce cream, and in that
way climinides the problem of dis-
agrceable sandiness.  Low-serum-solids
ice cream has a biting, frigid taste be-
cause of its low melting point. Lecithirne-
containing. high-scrum-solids ice cream
rctains its smoothiess with no sanding,
even after storage and periodic heot-
shocking for almost a year. This imper-
tant use of soya lecithin furnishes a new
avenue of disposition of fat-free nils
solids at a reasonable price, which is
important to our agticultural econony.
‘This possibility is patticulurly importaist

because of rising prices and shortages

arising from war conditions.

Anotlier essential application of sova
lecithin is in the mannfactuie of mur-
ganine.  In this industiv leaithin conn-
pletcly displaced vgg volk many yeass
ago becanse of its superior collowdal ¢f-
fects, stability against putiefication, and
lower cost. Fractional percentages cou-
fer butterdike propertios to margarine,
“A better interminlure of the various
glycerides is also offected, producing a
margarine of better appearance, textine
and spreadability. T particalar, led-
thin-containing margarine docs not spat-
ter when used in frymg, and gives a de-
sirable brown, movable sediment which
dacs not stick to the bottom of the pan
!n addition, lecithin enhances the bak
g qualitics of the fat, and owing to
Its antioxidant propertics favorably af
fects the keeping qualities of margaring
fortified with fish-liver-oil concentiates
containing vitamins A and D.

Edible Fats and Macaroni

Since lecithin is a natural oil-soluble
autixodiant® and croulsifier, it finds en-
thusiastic acceptance in edible fats and
shortenings,  As little as 0.05 percent
tan be used to counteract rancidity and
h}’(ir(nl}'sis in lad, oleo oil and com
Pound shortening. During wartime its
e in such fats is particularly reeom

mended Lo stabilize them for Tong stor-

e or export and to lessen other hay-
ads. igher percentages can be nsed
I baking fats to increase their shorten.
Mg and emulsifying offect in bread,
take and biscuit deughs.” The lecithin

\
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causcs the shortening to spredd rap-
idly and uniformly  throughout the
batch, promoting tenderness, moisture
retention and even texture,

The advantages of soya Jecithin in
macaroni products are well known. A
study of the gluten hyvdrogel formed on
cooking macaroni reveals that lecithin
is essential to its proper structure. The
lecithin is adsorbed at the gluten inter:
faces (boundaries of the gluten par-
ticles), stabilizing the cooked macaroni
to the extent of preventing syncresis
or water scparation.'  Disintegration on
rolonged cooking or canning s avorded
})y the use of sova lecithin® The im-
proving cffect in macaroni is so great
that the inclusion of 1 percent makes
possible  the manuofacture  from  soft
wheat flour of macaront comparable in
quality to that made from hard wheat
flour.™ In Germany, for example, where
hard wheat for alimcentary pastes must
be imported, a decree of the govern-
ment* legalizes sova lecithin in maca-
roni doughs in order to utilize domes-
tically grown soft wheat”  Greater lati-
tude i the selection of raw materials,
especially the utilization of domestic
raw materials, is of special importance
during wartime.

Vitamin Fortification Problems

The rolc of lecithin in vitamin forti-
fication 1s interesting.  That soya leci-
thin stabilizes the potency of vitamin A
preparations and concentrates because

*D. R, Entwurf ciner Verordnung iiber
Teigwaren, Secs. 2 & 5,

of its antioxidant effcct has long been
known." Deficiency in choline causes
derangements in fat metabolism giving
rise to fatty livers. Choline is one of
the few substances that furnish indis-
pcusable labile methyl groups.*

For these reasons Richardson® clas-
sifies choline among the accessory food
factors of the vitamin B group. These
accessory functions of choline are an-
tagomized by cholesterol.  Accordingly,
soya lecithin is.a good source of choline,
because, unlike cggs, it contains no
cholesterol.  The maturally esterified
choline in soya lecithin shows nonc of
the undesirable after effects of synthetic
choline. That increased metabolism or
increased ingestion of thiamin requires
additional choline has been shown.®

Unfortunately the overrcfining of
fats, sugars and flour has depleted our
food of vitally uccessary choline, as
wcll as vitamins and minerals. Hencee,
fortification of food with thiamin
should be accompanied by the addition
of soya lecithin as well, to provide the
cholesterol-free choline which makes
the vitamin more effective.

Sova lecithin has her¢tofore been
looked upon as a specialty ingredient.
But because of the properties and
proved applications “of lecithin, and
because of its availability, soya lecithin
justifiably can be regarded as a com-
modity which may assume first-rank
importance in the conservation of, and
more cffective use of, strategic materials
such as fats and vitamnins.

References

1. E. Hardy, Food Industries, vol. 13, page 39,
1941,

2. W. A. Hawmor, Chemistry & Engineering
News, vol. 20, page. 93, 1942.

3. J. H. ¥ib, Proceedings, 40th Annual Con-
ference, International Association of Iee
Cream Manufacturers, October, 1940,

4. J. Stanley, Industrial & Enginecring Chem-
istty, Analytical Edition, vol. 13, page
398, 1941.

5. K. V. Bryan, Proceedings, 41st Annual Con-
ference, International Association of Ice
Cream Manufacturers, October, 1941,

6. E. L. Evans, Industrial & Engineering Chem-
istry, vol. 2, page 329, 1935.

7. J. Fichberg, Oil & Soap, vol. 16, page 51,
1939.

8. W. Zicgelmaver, Kolloid-Zeitschrift, vol. 53,
page 224, 1930.

9. German patent, D. R. P. 528, 238, to
ITanseatische Muchlenwerke A. G., June
11, 1931.

10. H. Jesses, Chemiker-Zeitung, vol. 58, page
632, 1934,

11. R. E. Nottbohm & F. Mayer, Zeitschrift
fiir Untersuchung der Lebensinittel, vol.
66, page 21, 1933,

12. N. H. Tfolmes, Industrial & FEngineering
Chenuistry, vol. 28, page 133, 1936.

13. V. H. duVigneaud, Journal of Biological
Chemistry, vol. 131, page 57, 1939.

14. L. R. Richardson, Proceedings, Society for
Experimental Biology and Medicine, vol.
46, page 530, 1941,

15. W. H. Griffith, Journal of Nutrition, vol.
22, page 239, 1941.

71

k}
Y



2674

Stanley, J. 1950

Production. and utilization of lecithin

In, Soybeans and Soybean Products, K.S. Markley (Ed.),
Interscience Publishers, Inc., New York
Chap. 16: 593-647



Clin. Biochem. b, 121-124 (1972)

A SEMI-MICROMETHOD FOR PHOSPHOLIPID DETERMINATION
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SUMMARY

1. A semi-micremethod for phospholipid determination is deseribed based
on the principle of phospholipid determination used by Baumann for ex-
traction of total lipids and using the method of Fiske and Subarrow for
phosphate determination.

2. The method requires less time and is performed at minimal cost on a
small amount of serum.

THE ESTIMATION OF SERUM PHOSPHOLIYID IS BEING USED INCREASINGLY IN
PHYSIOLOGICAL. AND PATHOPHYSIOLOGICAL STUDIES. In normal fasting sub-
jects, phospholipids constitute the largest fraction of serum lipids; the
distribution averages 60-70 per cent phosphatidyl choline, 15-20 per cent
sphingomyelin, b to 8 per cent phosphatidyl ethanolamine and phosphatidyl
serine and the remainder lysophosphatidyl cholines, plasmalogen and other
less well characterized material. Phosphatidyl choline and sphingomyelin
act as mild detergents contributing to the stabilizing effect of phospho-
lipid in the lipid transport system.

Because phosphatide may be measured for investigation of fat meta-
bolism, it is essential to have a reliable, practical method for its determina-
tion. Most of the methods in current use involve the oxidation of the
phosphatides contained in a purified lipid extract followed by measurement
of the inorganic phosphorus liberated. Virtually all of the analytical
methods depend on the formation of phosphomolybdate ion, which is then
reduced by a suitable reagent to form the complex “heteropolyblue” a
colloidal dispersion with a composition not precisely known.

The present method is a modification of the method of Baumann (1) for
:xtraction and Fiske and Subarrow (2) for inorganic phosphorus deter-
mination.

Correspondence: Dr. B. Birchwood, Women’s College Hospital, 76 Grenville Street, To-
ronto 5, Canada.
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MATERIAL AND METHOD

Blood samples were taken from twenty subjects following a 14-16 hr
fast for comparison of the semi-micromethod with macro-p-semidine
method (3). Duplicate analysis of samples were done on tha same day for
each method. Using the semi-micromethod 0.1 ml of serum was added to
50 m!of a 0:1 (V/V) mixture of ethanol and ether in a glass stoppered
centrifuge tube. This was allowed to stand for ten minutes and then cen.
trifuged at 2000 rpm. Two ml of the supernatant was transferred to
another tube and evaporated to dryness. To the residue, standard and
blank, 2.0 ml of 1.5 normal sulfuric acid and a few drops of hydrogen
peroxide wers added and heated. Additional drops of hydrogen peroxide
may be required for the blackish residue to turn colorless. 1.0 ml of 2.5%
ammonium molybdate solution and 1.0 m! of l-amino-2-napthol-4-sulfonic
acid were added for color development. After thirty minutes the unknown
together with a standard containing 0.04 ml of 10 mgs‘ phosphorus
solution was read against a reagent blank with the galvanometer light of
the spectrophotometer set at 100 per cent transmittance or zero absorb-
ancy and wavelength 800 nanometers. A commercial control serum was
treated in the same wuy as the unknown. The phospholipid is expressed
as lecithin,

RESULTS

Table 1 shows a cémparisun of twenty phospholipid values done by the
semi-micromethod and the P-semidine method. Individual values are simi-
lar for each method and using the paired Student “t” test, the calculated
“t” value is not significant when P = 0.9.

Table 2 shows results of ten determinations by each method using mean
value of the duplicate pooled serum. The slandard deviation was 4 mg/100
and the coefficient of variation 1.5%¢ for the semi-micromethod. This con-

firms the accuracy of the method.

DISCUSSION

Several methods for the determination of phospholipids are in current
use. In common with these established methods, in the semi-micromethod,
phospholipid in the serum is {irst extracted, digested and the inorganic
phosphorus is determined in the residue. (1-4) Contrary to claims that
single extraction of lipids is incomplete and contaminated by non-phospho-
lipid phosphorus, (5-7) Van Slyke proved this was not so when Bloor’s
reagent is used for extraction (&8). In the semi-micromethod the serum is
added directly to the solvent and causes fine dispersion of the protein
precipitate. When allowed to stand for ten minutes or more complete ex-

traction occurs.

2759
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TABLE
ES BY SEMI-MICRO AND P-SeEMIDINE METHOD (mg/100)

1

Semi-Micro P-Semidine
......... 213 213
..... 183 180
210 208
225 225
o 255 253
..... 253 253
253 248
270 278
......... 240 230
......... 205 283
........ 275 268
......... 313 310
560 570
........ 478 490
........ 360 370
...... ’ 283 283
......... 300 313
...... 268 258
......... 270 258
268 268
X 268 287

t test not significant

TABLE 2

COMPARISON OF PHOSPHOLIPID VALUES BY SEMI-MICRO AND P-SEMIDINE METHOD UsinG POOLED
SERUM (mg/100)

Semi-Micro I'-Cemidire
263 270
265 265
260 268
263 268
270 265
260 263
268 270
268 268
265 268
273 270
X 266 268
S, 8{+25.D.) 6(+S.D.)
C.V. 15 1.1

t test not significant
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Ilydrogen peroxide used during wet digestion interferes with colour
development if not entirely removed. Its removal could be accomplished
either by heating or by adding two drops of 5'¢ urea solution after di-
gestion (9).

The advantage of this method is that only a small amount of serum is
required, minimumn equipment is used and the time involved is considably
shorter thar for other methods. It can therefore, be readily used in a
routine laboratory as well as for research purposes.
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Table 1. Changes in the chemical shift of
benzylic and aromatic protons of DDT
(0009 molal) by the addition of lecithin in
CCl, at 33°C.

Lecithin Chemical shift (hz2)

concen-

tration Benzylic Ring Ring

(molal) proton proton b proton ¢
0 495.2 746.0 726.3
0.072 497.6 747.3 726.4
123 499.2 747.6 726.5
156 S00.1 7419 726.5
47 $01.8 7483 7269
25 $02.6 748.9 726.7
293 5039 749.3 726.7
AR ‘047 749.6 726.9
368 506.2 749.9 726.7

be obtained if solutions of DDT stand
at room temperature (2). In this instance
the spectral changes have been attributed
to intermolecular charge-transfer com-
plexing of the DDT. Wilson and co-
workers (2) have shown, however, that
DDT can act as a relatively weak
electron donor in forming a charge-
transfer complex with tetracysnocthyl-
ene. Changes in the chemical shift of
the benzylic proton produced by aro-
matic donors have also been attributed
to charge-transfer complexing. In this
instance the DDT would be presumed
to be acting as an acceptor (3).

In another way, Hilton and O'Brien
(4) have shown that DDT will block
the action of valinomycin on a phos-
pholipid bilayer. Addition of this
cyclic antibiotic to a lecithin-decane
bilayer produces an increase in con-
ductance across the bilayer, and this
response is blocked by the subsequent
addition of DDT. In this respect DDT
differed from lindane and dicldrin,
Whether the DDT interacted with the
valinomycin, the lipid, or both constit-
uents is not yet apparent.

To define the molecular basis for the
action of DDT will require further in-
formation on the nature of its inter-
action with the component molecules
of affected systems. Oae obvious omis-
sion at present is the lack of data con-
cerning the interaction of IXDT with
complex lipids. We now discuss the
interaction of lecithin and DDT as it
is defined by nuclear magnetic reso-
nance spectroscopy.

Proton magnetic resonance {PMR)
spectra of lecithin and DDT in CHCly
or CCl, were recorded on a Varian HA
100-Mhz  spectrometer, with  tetra-
methylsilane (TMS) as an internal
lock standard. The chemical shifts were
determined with a precision of * 0.25
hz. The B,y-dipalmitoyl-pL-phosphati-
dylcholine monohydrate (Sigma) was
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used in these experiments as obtained,
without further purification. Reagent

grade DDT (City Chemical) and
spectrograde  chloroform  and CCl,
were used.

The PMR spectrum of this par-
ticular lecithin has been described (5).
As was expected from the structure of
this compound (1), the spectrum gave
peaks with varying degrees of multi-
plicity which corresponded to protons
a to i. In addition, the PMR spectrum
always showed a peak whose chemical
shift was dependent on the concentra-
tion, the

O &8 h i i
f H£—O—é"-—CHE*CH,—»(CHa)u—CHa
(o . h i i
[ HC~O-—-(":—le-_.l—{’((f)Hg—(CH:),g—CH.
(6] c b 4 @
d H-.—C—O—lll’-—o—-CHz——CH:—-N(CHa)a
e
1
temperature, and the solvent. This

peak was attributed to 2 condensed
water molecule associated with the
lecithin. Addition of DDT (0.770
molal) to a lecithin solution (0.045
molal) in CHCl, produced low field
changes in the chemical shift of various
lecithin protons. The -N{CH,); protons
peak showed the maximum change in
chemical shift (~11 hz), whereas
proton b was shifted 5 hz. Other
lecithin protons also showed very small
low ficld changes in chemical shift
(~2 hz). However, the position of the
terminal methyl proton j was unaf-
fected. The associated water proton
peak also gave a low field shift.

The PMR spectrum of DDT (2) in
CHCl, or CCl, showed a sharp peak
due to the benzylic proton “a” at ap-
proximately 5.0 parts per million (6).
The ring proton

Ha
c b | b ¢
O-i- 0O
¢ b ‘ b ¢
CCly
2

spectrum showed a complex pattern
because of ortho and meta spin split-
ting between the magnetically non-
cquivalent ring protons (6). Addition
of the lecithin to a solution of DDT
produced low field changes in the
chemical shift of the benzylic proton.

279
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Fig. 1. Reciprocal plot of change of chen,
ical shift of benzylic proton of DDT
function of lecithin concentration at 33¢c

The ring protons “b" showed simily
though much smaller changes in chen.
ical shift. No appreciable change i
the chemical shift of the ring proton
“c™ was observed (Table 1).

These induced changes in chemicy
shift would suggest an interaction b
tween lecithin and DDT. Apparently
the rate of proton exchange betweey
the lecithin-DDT complex and th:
reactants is very rapid on the nuclea
magnetic resonance time scale, ang
only one average peak is observable.

The equilibrium for the binding of
DDT to lecithin can be expressed a

(Lecithin) 4+ (DDT) ==

(Lecithin) « (DDT) (1)
The equilibrium constant K can be cal-
culated with the use of the following
expression (7)

T 1 1

A%, gue 1

where C is the concentration of lecithin
and 8 is the chemical shift in parts per
million. A8, is the difference between
8(observed) and 8(noncomplexed DDT)
and A8, is the difference between d(com-
plexed DDT) and & (noncomplexed
DDT). The above relation (Eq. 2) is
valid only when the concentration of
DDT is much less than that of the
lecithin. If 1/A8, is plotted as a func
tion of 1/C (Fig. 1) and a least squares
fit is used, A8, is calculated to be
584+92 hz and K to be 0597
0.015 molal—1.

The inductive effect of the three
chlorine atoms would increase the acidic
character of the benzylic proton which,
consequently, would be more likely to
associate with an electronegative atom
such as the oxygen bound to the phos-
phorus. The change in electronic en-
vironment produced by such an inter-
action could account for the observed
changes in the chemical shift of the
benzylic proton and the ring protons,
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Binding of DD'I to Lecithin

Abstract. An interaction between DDT and lecithin is indicated by the recip-
rocal effects of each compound on the proton magnetic resonance spectrum of
the other. The phosphoryl choline moiety of the lecithin and the benzylic proton
of the DDT scem to be involved. The most pronounced response in the proton
magnetic resonance spectrum of the lecithin produced by increasing concentra-
tions of DDT was a change in the chemical shift of the resonance peak due to
the protons of the choline methyl groups. Increasing concentrations of lecithin
produced changes in the chemical shift of the resonance peaks of the benzylic
protont and adjacent ring protons of the DDT. Lquilibrium constant of 0.597
* 0.015 molal ! was obiained jor this interaction.

The toxicity of DDT [1,1,1-trichloro-
2,2-bis(p-chlorophenyl)ethane] is gen-
crally atiributed to its effect on the
central mervous system where it pro-
duces an ¢xcitatory effect on axons. In
an cffort to define the molecular basis
of the response, Matsumura and

O'Brien have demonstrated that DDT
will bind to components of cockroach
nerve (7). Using spectral and fluorescence
data these workers have postulated the
formation of a charge-transfer complex.
This hypothesis is open to criticism be-
cause comparable spectral changes can
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The ring protons, c, are further re-
«ed from the site of interaction and
qould not be expected to respond to
4o SAME degree.

Transmitted changes in the clectronic
ronment resulting from this type of
gteraction would account for the
fanges in chemical shift of the lecithin
wotons. The more pronounced changes
, the chemical shift of the N-methyl
_jrotons could result from their prox-
‘qiy to the interacting molecule.
_vormally one would expect the phos-
" sorylcheline moiety to assume a con-
| rmation allowing interaction of the
paternary nitrogen and the negative
farge of the phosphate.

The cffect of the DDT on the reso-
nnce peak of the protons of the asso-
ated water molecule depends on the
mitial concentration of the lecithin. At
oncentrations higher than 0.018 molal
of lecithin, a low-field change in the
demical shift of lecithin is obscrved

b

vl

"y the addition of DDT. In morc ditute

Jutions of lecithin, however, DDT
soduced  significant  line broadening
sith only small changes in chemical
shift,

The potential for such an interaction
m biological systems will depend on
the nuture of the environment of the
‘within molecule in a membrane, and
s situation has not yet been defined.
However, a rather strong association
an occur between lecithin and DDT,
nd further studies in more complex
swtems should provide some indication
J the significance of this interaction.

- The involvement of the benzylic proton
{ o the DDT is of significance, and this

Qbscrvation would substantiate observa-
tons of Ross and Biros (3).
L. J. TinsLEY, R. HAQUE
D. SCHMEDDING
Departyneny of Agricultural Chemistry
‘"C.i Environmental Health
s"""lfc’s Center, Oregon State
University, Corvallis 97331
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1.OS ANGELES, CALIFORNIA 90024

July 2, 1974

Humphrey F. Sassoon, PhD.
Tracor Gitco Inc.

1300 East Gude Drive
Rockville, Maryland 20851

Dear Dr. Sassoon:

Thank you for your letter of June 26th requesting information on
our studies with lecithin. The citation which you inquired about pub-
lished as an abstract in Clinical Research, Volume 21, page 276, 1973
is a part of a larger study which we are now in the process of compiling
for manuscript production. We are waiting final chemical analyses prior
to publication of this and when it appears will contain all the data
which was reported as the abstract which you saw.

I am taking the liberty of enclosing a recent publication of ours
dealing with lecithin which you may find interesting from your stand-

point. This article references the clinical research abstract as well.
Thank you for your interest in our work.

Sincerely Yours ,

74::%£ r//ﬂ)iﬁ*ﬁf

RKT/re Ronald K. Tompkins, M.D.
Enc. Associate Professor of Surgery
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- A Discoursive Review of the Present Knowledge of

/
V37 "%062

Lecithin and Rel:cted Substances

Compounds of "gfeasy or lipid materials® containing phosphorus as phosphoric
acid have been recognized as constituents of living cells of both animals and plants
for many years.

In 1719 Hensing demonstrated that phosphorus is a normal constituent of braiﬁ.

Vauquelih in 1812 isolated fatty materials containing phosphorus from brain.

Gobley (18&6, 1847) isolated a phosphatide (phospholipid) from egg yolk which
he called lecithin (Greek lekithos = egg yoll).

Couerbe, Fremy, and Valencieﬂne (1834-1857) found phosphatides in a varlety
of animal.sources, and in 1861 Topler found them in plant seeds, Thus, by the
middle of the last century the widespreoad occurrence of phosphorus-containing lipids
in tissue and tissue products was establiched,

The composition of Gobley's crude egg yolk lecithin had been pretty well worked
out by 1268 (Diakanow and Strecker), and shown to contaln fatty acids, glycerol,
phqsphoric acid, and the base, choline,

A type of phosphatide differing from lecithin was isolated from brain by
Thudichun in 1884 and called kephalin‘(from Greek kephale meaning head) but now
spelled cephélin. This material, like the early leclthin preparations was impure,
being a complex mixture of phosphatides, Mahy workers throughdut succeeding years
vorked at trying to separste lecithin and cephalin from these mixtures and establish
their chemical composition., By 1915 it was shown that the main phosphatide fraction
of brain called cephalin 1s made up of fatty acids, glycerol, phosphoric acid and
the base, ethanolamine or aminoethyl alcohol, It appeared that these components in
cephalin were linked together as in lecithin, with ethanolamine taking the place of

choline,
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k So~called caphalin was found, 1ike lecithin, to be a widespread constituent
of tissues and associated with lecithin,

' Since it was obvious that the so- -called cephalin fraction of brain was a
‘mixture of substances differing from lecithin, various workers set about trying

to separate other components. Finélly Folch (1941,1942) isolated a pure substance
: ,which contained the amino acid L-serine in place of ethanolamine.

} Prior to 19LO the substance referred to as cephalin was the derivative
icontaining ethanolamine, but after Folch's discovery of the substance containing
iserine in the cruda cephalin fraction the inadequacy of nomenclature became obvious.

+

The complexity of the cephalin problem grew with the discovery by Klenk and

sakail (1939) of the cyclic poljhydroxy compound inositol in the so-called cephalin

fraction of soy beans, Folch and Woolley (1942) then found inositol to be a

lcomponent of the phosphatides of brain and spinal cord. Folch (1946,1949) purified
‘»his material and showed inositol to be present as the metadiphosphate, He called the
isubstance ndiphosphoinositide%, When hyﬁrolyzed the substance was broken up into
;fatty acids, glycerol, and inositol metaphosphate.

i wodley (1943) showed that soy beans are a rich source of inositol-containing
jphosphatides, and this material he called "lipositol", The material undoubtedly
!was not a pure substance, and was found to be a very complex material, yielding
lupon hydrolysis ethanolamine, tartaric acid, galactose, fatty acids and inositol
5monophosphates.

? Hawthorne and Chargaff (1954) found both inositol monophosphate and diphosphate
%in the hydrolysis products of the inositol phosphatide fraction of soy beans,

| Folch isolated a purer preparation of inositol phosphatide from crude soy bean
phouphatide which he called soy bean monophosphoinositide. This material was made
up of unidentified primary amine, 1 mol; galactose, 2 mols; glycerol, 2 mols;

’Lnositol, 2 mols; fatty acids, 3 mols; and phosphoric acid, 2 mols, The relation

'of this substance to Woolley's "lipositol® is uncertain.

13
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Inositol-containing phosphatides have been found in cottonseed and liver,

and undoubtedly are rather widely distributed in plants and animals, -
Thudicum,;in his classical investigation of the composition of the brain
(1901) obtained a phosphatide from brain which he called sphingomyelin, and which
z was later shown to be composed of the complex amino alcohol, sphingoéine, phosphoriec
.; acid, choline, and fatty acid.
Sphingomyelins have been found in brain, spinal. cord, kidney, liver, blood,
i egg yolk, muscle and other organs, in association with other phosphatides. _They
: apparenply have not been found in vegetable sourcés. .

Classification of the phosphatides (phospholipids)

Until a few years ago, before the complexity of the so-called cephalin fraction
é of phosphatides was recognized, tﬁeir classification was simple:
Leci£hina
Cephalins
Sphingomyelins
At present, as the result of the discovery of different types of substances
in the so-called cephalin fraction, tﬁ; classification has been revised to take
this into account. While different'classifications have been proposed, the following
scheme of Folch (Phosphorus Metabolism, Vol. II, page 187, 1952, The Johns Hopkins
Press, Baltimore) appears most satisfactory.
X The phosphoglycerides. Phosphatides or phospholipids in which the
‘aleohol residus is glycerol,
(a) Phosphatidyl cholines -= lecithins
(b) Phosphatidyl ethanolamines)
) -~ cephalins
(¢) Phosphatidyl serines
(d) Phosphatidic aclds

(e) Acetal phosphatides

(£f) Cardiolipins



by

1I, Phosphosphingosides, Phosphatides or phospholipids in which the
alcohol residus is the complex amino alcohol sphingosine.
(a) Sphingomyelins ‘
'III. Phosphoinositides, Phosphatides or phospholipids in which the

alcohol residue is the cyclic alcohol inositol,

(a) Lipositol of soy beans )

(b) Monophiosphoinositide of soy beansg -- cephalins

(c) Diphosphoinositide of brain )
: It will be noted that what formerly was called "cephalin® really is a profound
mixture of phosphoglycerides (phosphatidyl ethanolamine and phosphatidyl serine) and
phosphoinositides. |
j Since commerclal soy bean 1lecithin® contains roughly 29 por cent true lecithins,
29 per cent phosphatidyl ethanolamine and possibly a little phosphatidyl serine, and
'about 31 per cent of the complex phosphoinositides (1ipositol, monophgsphoinositide)
.t represents a tremendously complex group of substances. Also, since as yet the
composition of soy bean phosphatides is imperfectly known.and may in the future show
the presence of other phosphatide subotapcen, an outline of the specific chemical
compositions of phosphatides according to the above classification may be helpful as
background for later discussion. These will be considered in classification ordsr,
This material may be found in the book #The Phosphatides!, by Wittcoff, Reinhold
Publishing Corporation, New York, 1951; and in the review of Fdlch in YPhosphorus
ﬁetabolism", Yol. II, page 186. The Johns Hopkins Press, Baltimore, 1952,

: I. The phosphoglycerides
|

! (a) The phosphatidyl cholines or the lecithins. These substances are

composed of fatty acids, glycerol, choline, and phosphoric acid of the general

" ghemical structure,
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H 0
o |
m—04ﬂ-—méﬂ
’E ‘ q _gFatty acids
Glycerol (H——-Cg—-0~—-é-—-R &)
( la (ﬁ CHj
(H—C=-0—P—0— CHz—CHz——N{—CHs
) X i,
< Choline
Phosphoric
acid

Different lecithins vary through variation in the kind of fatty acid groups
present., Often both a saturated and an unsaturated acid ars present, though
lecithins with only saturated or unsaturated acids have been found., Even carbon

unsaturated fatty acids from C16 to CZL have been found, The fatty aclds, palmltic

(Clé) and stearic (C18) are the chief saturated acids present, The acids present

in soy bean lecithin are (Thornton, Johnson and Ewan, 1944)1

Acid Per cent
Palunitic, Cyg 15.77
Stearic, Cyg 6,30 ~
Oleic, Cyg 12,98
ALinoleic, Ci8 62,92
Linolenic, Cig 2,02

Each per cent represents the per cent of the total fatty acids prgsent.

The wholé phosphatide fraction of soy beans, in addition to the above acids,
has been found to contain appreciable amounts of an unsaturated hexadecenoic acid
(Clé) and a small amount of saturated arechidic acid (CZO)‘

The large amount of the nessential" linoleic acid in soy bean phosphatides
is of ‘importance.

(b) The phosphatidyl ethanolamines, These compcunds are composed of

fatty acids» glycerol, ethanolamine, and phosphoric acid, and in structure are

B
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'analogous to the phosphatidyl cholines or lecithins:

<H——i——0—~4 —R &)

‘ | gFatty acids

Glycerol(H--C"“0"‘£”“R<’“3
(

( I
(H— C——0-—P—0-~-CHz—CHz— NH_
I I — /
H 0 Ethanolamine
| S : . |
Phosphoric o
acid

? The phosphatidyl ethanoclamines are differéntiatod by differences in the fatty
‘acid components just as are the phosphatidyl cholines or lecithins,

(c) Phosphatidyl serines, These phosphatides heve structures analogous
to those of phosphatidyl cholines and phosphetidyl othanolamines except that the

ramino acid serine takes the place of choline or ethanolamine:

H 0
l I
(H——C—0— C-—R<—)
g 9 gFaLLy acids
: Ghmmml(ﬂ——0—~0~»ém-ﬂé—9 -
g l 0 NH,_,

r |
(H—C—0~ ~F~—o ~—CHz—— C-—-COOH

| | |

i OH H

(— 7 N )
. Phosphoric Cerine
‘ acid

(d) Phosphatidic acids. These substances are composed of glycerol, fatty acids,

§

i

jand phosphoric acid:
‘ _



i abundant -in muscle and brain,

from cabbage leaves and carrots.

aclids

aldehyde or palmitic aldehyde.

, H 0
(H——-L-——O——-ﬂ-—-Ré——)
% l 0 %Fatt& acids
Glycerol (H—-C—-O-—'g-—'R€?—)
¢ 18

(H—-C— 0— P—0H

ll l
- OH
Phosphoric
acid

The phosphatidic acids ere formed from glycerophosphatides z,

splitting off choline, ethanolamine or serine respectively.

products in the synthesis of glycerophosphatides in the animal body.
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b, ¢ above by
They have been isolated

As shown later they appear to represent intermediate

e) Acetal phosphatides. These phosphatides are composed of glycerol, fatty
. ]

, ethanolamine, phosphoric acid, and & higher fatty aldehyde such as stearic

T -~
H—eC—0_ &
g ‘.\A*R
( S
Glycerol (H— C—0" Fatty aldehyde group
( I 0 .
( I
U%—-C——O—-ﬁ“ﬂ—O*—CHE““CHZ NH,
e e e easaeed
OH , Ethanolamine
Phosphoric
acid

They have the structure:

The acetal phosphatides occur widespread in animal tissues, and are especially

‘ of their function.

They have not been found in plants,

Nothing is known

(f) Cardiolipins. These phosphatides are complex substances made up of

glycerol, phosphoric acid, and fatty aclds, and appear to have the structure:

P
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3 H 0 H ﬁ H | H <|>l
. H=—¢—0—C—R H— C——0~—P-—0—C—H H—C—0—C-—R
| 0 0 0
5 \ (‘;' I
. j—C—0—0f—n H——C—0—C—R H—C—0—C—R H—C—0—C—R
| ﬁ . |
Il
H—oC — - P C—H Hoe G —s Q—— P ——0—C—H
| | |
] H OH H H OH H '
f H
i 0

|

ic R—C-— groups represent fatty acid residues attached to glycerol residues.
&he structure represents a fatty acid derivative of polyglycerophosphoric acid.
Cardiolipin was isolated from heart,»énd there is some evidence for such compounds
gn egg yolk and liver phosphatides. Nothing is known as to its importance except
@hat it appsars to be involved in beefl heart extract used.in carrylng out the
rological test for syphilis.

11, Sphingomyglins

These substances are made up of the amino alcohol sphingosine, fatty acid,

choline and phosphoric aclid:

Fatty acld residue

|
? CH3—"—-‘(0“‘3)12 ¢==C~—C~——C—CH,
Lol b
L 1
Sphingosine - CH 5
' 0—P—0—CHz—Cliz—N<—Cl;
Nen
Phosphoric Choline
acid
Sphingomyelins are differentiated by containing different fatty acids. They

cur widespread in animal tissues and blood, but apparently not in plants. They

are especially abundant in brain and spinal cord and undoubtedly are essential
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icomponents. Function unknown,

III1. Phosphoinositldes

l : (a) Lipositol., This phosphatide of Wbolley probably does not ropresent
la pure substance. Its complexity is indicated by the fact that upon hydrolysis it
i

yields galactose, fatty acids, tartaric acid, ethanolamine, and inositol monophosphate.

|

| 0 |

! \

? 0——-—P-—-——OH |
ln

| HO -——/ HC—OH

| HO — CH HC —OH

chi

; OH

Inositol monophosphate
i Nothing more is known about the structure of this substance,
(b) Monophosphoinositide of soy beans. Folch showsd this substance to

consist of an unidentified primary amine, 1 mol; galactose, 2 molG; glycerol, 2 mols;

]

|

i

|

iinosibol 2 mols; fatty acids, 3 mols; and phosphoric acid, 2 ﬁols.

E Hawthorne and Chargaff (J. Biol, Chem., 206, 27, 1954) demonstrated the presence
‘of inositol monophosphate (structure above) in the inositol phosphatides of both eoy
ibeans and ox brain. Theses workers also obtained substances which were thought to

!bo arabinose and galactose compounds of inositol monophosphate. %cholfield and
JDutton'(J. Biol, Chem,, 208, 461, 1954) demonstrated that the inositol phosphatides
‘of soy beans can be separated into two inositol-containing fractions, one of which
contains the nitrogen base ethanolamine and the other is nitrogen free,

s ' (c) Diphosphoinositide of brain. Folch has shown this substance to ba
composed of glycerol, fatty acids, and inositol meta-diphosphate in equimolecular

!proportions.
\
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| | 0

|
i 0—P—0H
l ; l OH
| C
|
KO-—CH HC—OH
|
I
HO-—CH HC —0 — P—0H
' ' ln OH
OH |

Inositol metgphosphate

Nothing more is known about the structure of this substance.

It will be seen from the above discussion that the complex phosphatides of soy

beans contain most of the chemical units found in the chief phosphatides of animal

!
tissues,
These are represented by:
I. Prosphoglycerides:
. about
(a) Phosphatidyl cholines - lecithins 29%
(b) Phosphatidyl ethanolanines
o
(¢) Phosphatidyl serines (small amount)
(d) Phosphoinositides, or inositol-
containing phosphatides : 31%

It is interesting that the three groups of substances are present in roughly

f
l
i
|

equal percentages in soy bean phosphatide,

Digestion of the phosphatides or phospholipids

{

j Apparently Bokay in 1877 first observed the enzymatic digestion of lecithin when
he found the action of pancreatic juice to split it into glycerol phosphoric acid,

fatty acids’and choline,

:’ fﬁ
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| 11
H 0 H

§—C—0—C~—R H— C—OH
* 0
 j—C—0—C—R + A0 >  H—C—O0H
' 0
| ?l Chs 1 + 2 R—COOH
| e C—0—— P—0—CHz—CHz—NT—CH; §—C —0 —P — OH
| LN | " Fatty -
! ‘ Ha H 0 acids,
‘s H 0 -
? h Glycerol
i Lecithin : Phosphoric
' , acid
CHg
.+ HO—CHz— Cliy—N{—CHs
|
| H CH3

Cholins

This observation was confirmed by layer in 1906.
Only the enzymes which hydrolyze the phosphoglycerides in the sub-groups
ghosphgtidyl cholines {lecithins) and phosphatidyl ethanolamines have been worked on

ppreciably,
It appears that the same enzymes which hydrolyze the lecithins (phosphatidyl

;holines) also hydrolyze the phosphatidyl ethanolanines, Presumably these enzymes

1r others also hydrolyze the phosphatidyl serines. Essentially nothing is known

!

bout the enzymatic hydrolysis (digestion) of sphingomyelins or the inositol-containing

q
thosphatidcq (phosphoin0>ides,.

|
l
t

lre called "lacithinases# and four types are known according to the points of

The enzymes which hydrolyze the lecithins and other phosphatides indicated zbove

Lydrolysis. These lecithinases are referrsd to as lecithinases A, B, C, and D,

1 I. Lecithinase A. This enzyue spiits off one fatty acid from the molecule '

ind foris a lysolecithir, so-called because it hemolyzes red cells,

l
i
!
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Formerly 1t has been considered'that lecithinase A hydrolyzes off only a

blecule of unsaturated fatty acid. Hanahan (J. Biol. Chem,, 207, 879, 1954)
.5 shown the position of hydrolysis to be the fatty acid residue ettached to

Le a' carbon as shown above, regardless of whether tle fatty acid is Baturated

r unsaturated, though apparently the fatty acid in the o' position is generally

nsaturated.

Lecithinase A is found especially in the venoms of polsonous snakes (cobra etc,),

n pancreatic julce, and in various animal tissues. In the fresh organs the action

r
f lecithinase A is held in check by other enzymes or substances, Upon drying the

|
?ssues lqcithinase A becomes active.

Ii. lecithinase B, This enzyme removes the remaining fatty acid from the
yasolecithin formed by the action of lecithinase A and ylelds a-glycerylphosphorylu'

kolinu:

|
i

H
H— C—OH
' 0
]
>  H—C—0—C—R
| Hs ﬁ | CH; -
H‘-—-C_O-—L.._O—-—-CHZ——CHg-—-"N———-CH_g _ H----'C-———O———~13'--—.—o-—-—(;}{2—-———(;1,;2,_...x‘\E.\___._C“:1
CHs “TCH 3
i
Lecithin Lysolecithin
+ R—COOH
Fatty acid

e Y SR e

g
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H
H— C—0H
H— C——H
0o .
1! .
H—C—0—-P—0—CHzy—CHzy—N
H 0
Lysolecithin
+ R—COOH
Fatty acid

Ind in higher fungi.

wsphatidic acids,
i

—

AN

CHj
CH
CHs

>
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H

H—C—O0H
H— C —OH
ﬁ ‘ CH 4
H~—C —0—P~—0-— CHz— CHz— N CH,
CH,
H . 0

a~Glycerylphosphorylcholine !

Lecithinase B occurs in pancreatic julce, pancreas and other animal tissue

III., Lecithinase C. This enzyme splits choline from lecithins ﬁo form

JL also splits choline from lysolecithins and a-glycerylphosphoryl-

holine. This means the enzyme in general splits choline from lecithins and derivatives

if lecithins which contain choline,

H 0

| I
H—C—0—C—R

0

I
H—C—0—C—R

|3
H—C—0—P—0

b

Lacithin
CH;
+  HO—CHz—CHz——N-—CH;,
. AN
CHs

OH

. Choline

H 0

| I
H—C—0—C—R
l 0

‘ I
H—C——0—C—R

HoH

-0
‘ I
H ——9}{*%—0—1'3-——%

H OH
Phosphatidic acid
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H H
H—C—OH H— C— OH
H— C—OH
0

Lo

i

| a-Glycerylphosphorylcholine a-Glyceryl- |
} phosphoric acid '
f
1

CH 4
+  HO~—CHy—=CHy——NZ—CH,

CH
oH

Choline

Lecithinase C occurs in intestinal juice, pancreas, and other organs.

IV, lecithinase D, This enzyme splits choline phosphoric acid from lecithin

d presunably lecithin derivatives containing the choline phosphoric -acid group

[lysolecithin and a-glycerylphospliorylcholine),

i 0 . H 0
N I _ l I
H—=C —0— C—R H—C~—0~—C— R
0 ’ 0
y .
H—C—0 —C—T H—C—0—0-—n
5 — R raraTy
I CH,
! H-—-C-—-—O-—ll’——-0-—CH;.-—-CHz————N-~—-CH3 + HH—> H—C-—O0H
| + N\
]l |
i H

\': -
" Lecithin A diglyceride
0
+ I CHj
HO ——f —0—Cliz— CHz—N~CH,
. CH
0 3

Choline phosphoric acid (phosphorylcholine)
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V. TPhosphatase, This enzyme splits phosphoric acid from glycerophosphoric

acid:

+ H_'}POQ

Phosphoric
acid

a-Glycerophosphoric Glycerol
acid

Phosphatases are widespread in digrzstive juice, tissues, and body fluids,
The above discussion indicates thu complexity of the digestive processes by
which the lecithins and related substances are broken down in thé intestine and
ssues into their components. The phosphoglycerides containing ethanolamine and
serine are apparently broken down by the sane enayies,
By way of sumnary of the digestive process, the lecithin molecule is shown
below with the various points of hydro]ysis Ly different eﬁzymes:
0
Il
H—C—0-—C—R

Lecithinase A
0

H

}l--C——-OW—"ﬂ-——R
lecithinase B sfter action of A

0
fl CH;

H~—~?-—-O «-p-—~o--cng~——cu5~—-g;::Ch3

. $ CH,
H O leeithinase €

lecithinase D, and phosphatase after cholins and

fatty acids have bien removed

PO Ay il

Rl et -




16
The various products obtained in the digestion of soy bean phosphatides
.cording to the above processes should be:
1. From the phosphatidyl choline fraction (true lecithins)

Lysolecithin, glycerylphosphorylcholine, phosphatidic acid, choline-

Fmsphoric acid, fatty acids, choline, a~glycerol phosphoric acid, glycerol and
hosphoric acid., If the digestion were to go to completion the products would
dnly be glyéerol, fatty acids, choline, and phosphoric acid.

I1. From the phosphatidyl ethanolamine fraction:

Lysophosphatidyl ethanolamine, glycerylphosphoryl ethanolauins,
phosphatidic acid, ethanclaaine phosphoric acid, fatty acids, ethanolamine, a-
blycorol phosphoric acid, glycerol, and phosphoric acid. Complete digestion would
Livs only glycerol, fatty acids, ethanolamine, and phosphoric acid.

The small amount of phosphatidyl serine presunably would give products

alogous to those from phosphatidyl ethanolamine.
III. From the phosphoinositides (inositol-containing phosphatides):
Issentially nothing appears to be known about the specific enzymatic
Eigestioﬁ of this class of sutstances, Assuming that intestinal digestion 1s
bffective wa would expect to have as digestion products the following:

Inositol, phosphoric acid, galactose, glycerol, ethanolamine, palmitic,

steuric, arachidic, hexadecenoic, oleic, linoleic, linolenic, and a small amount of
’Etter futty acids, and possibly an unidentified primary amine,
’ Thus it is seen that the partial and complete digestion of the phosphatide> of
|
boy beans would yield a large group of substances, some of which have important,
Liological functions. Among the latter may be mentioned: |

{ Choline, inositol, phosphoric acid, unsaturated fatty acids (particularly
| iinoleic aﬂd linolenic acids) and ethanolamine. |

Absorption of phosphatides and their digestion products from the intestine,

Not much work has been directed toward the absorption of phosphatides. Artom

e e e e e . e 2amn Bt e it
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) I‘ﬂd Swanson (J. Biol. Chem,, 175, 871, 1948) fed emulsions of rat liver phosphatides

sled with radioactive P32 to rats, and also as controls they gave emulsions of

Lnlabeled phosphatides mixed with inorganic phosphate or glycerophosphate labeled

t

;th P32, After 3~6 hours the radioactivity and phosphorus content of plasma and

'%ver fractions were determined, From the results it was concluded that the
Uninistered phospholipids were absorbed at various stages of hydrolysis, but that
detectable portion can be absorbed as the intact molecule, These phosphatides '
eré chiefly phosphoglycerides, and the experiment throws no light upon the absorptioﬁ
f the inositol~-containing phosphatides, Also, the experiment did not differentiate
etween the absorption of unchanged phosphatide and phosphatide from which one fatty
tid or the nitrogen base had beeﬁ split. |

Bloom, Kiyasu, Reinhardt, and Chaikoff (Am. J. Physiol., 177, 8&, 1954) fed

losynthesized rat liver phosphatides containing cl4 labeled palmitic acid and

| wered 15-30 per cent of the labeled fatty acids in a phosphatide fraction of
ntestinal lymph. Under the same conditions only 2-7 per cent of c4 1abeled

plnitic acid in tripalmitin (triglyceride) was recovered in the lymph phosphatides,
his result shows that as much as 20-25 per cent of phosphatide (phosphatidyl choline
true lecithin) and phosphatidyl ethanolamine) may be absorbed without breakdown of
te molecule,

The absorption of phosphatides from the intestine into the lymph is of interest

rconnection with phosphatide synthesis by intestinal cells, It is certain that
irtially hydrolyzed products of phosphatides pass into the intestinal wall and zre
Lre reconverted to phosphatides, thus bringing about interchange of phosphatide
lmponcnts.

1 Reiser and associates (J. Biol, Chem,, 194, 131, 1952) fed triglycerides

| beled with4doublo bonds in the fatty acid (linoleic) and CLb in the glycerol

idue to rats and determined the distributions of Cl4 glycerol and linoleic acid

!the lymph glycerides (fats) and phosphatides, From the results they concluded
|
|
i
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that:
1. Between 25 and 45 per cent of the ingested triglyceride was completely

hydrolyzed to fatty acids.

2. The glycerol formed was not utilized by the intestinal cells to form
lymph glycerides but followed an independent pathway of met.abolism,

3, 55 to 75 per cent of the ingested triglycerides was hydrolyzed to
monoglycerides and fatty acids. i

L. Half of the lymph phosphatide foried from the ingested fat by the intestinni
cells was formed from fatty acids hydrolyzed from the triglyceride and glycerol of
the intestinal cells, while half was forwed from absorbed menoglycerides by attaching
fatty acid, choline and phosphoric acid.

Borgstrom (Acta Che@. Scand., 5, 643, 1951; Acta Physiol. Scand., 25, 140,
1952) gave ¢ 1abeled palmitic and stearlc acids in corn oil to rats and found

ut 90 per cent of the labeled acids in the triplycerides and as much as 10 per

cent in the phosphatides of lymph., Thus during fat absorption the intestinal wall
supplies an important part of the plasma phosphatides through synthesis,

Formerly 1t was thought that a considerable proportioh of fat absorption in
tlic intestine involved phosphatide formation from the glycerol and fatty acids
during passage through the intestinal wall, but results as obtained above indicate
that quantitatively this is of less dmportance than previously supposed, However,
it bas Leen reported [(Frazer, Bull. Soc. Ghim, biol,, 33, 961, 1951) that adminis-
tration of choline may increase fat absorption es much as 50 per cent, Tidwell and
Tidwell and Nagler (J. Biol, Qhem., 182, 405, 1950; Fedaration Proc., 10, 253, 1951;
1L, 203, 1952) also found choline given with fat to increase fat ébsorption; of
particular interest to us is the report by Adlersberg and Sobotka (J. Nutrition, 25
255, 1943)- that the administration of lecithin increases the rate of fat absorption

humans, This also has been found to be the case in animals (Deusl and associates,

Jo Nutrition, 33, 177, 1947). Adlersberg and Sobotka gave 1 g. of hutter fat per

e o e g

T e e e




19
29009
ké. of body height to normal persons with and without 10-15 g. of commercial soy
sean lecithin, These substances were given 12 hrs. after the last meal (postabsorptive
fasting state), 'The total serum lipids were then determined 4-5 hours after receiving
the fat or fat plus lecitﬁin. It waé found (average of 5 cases)‘that the lecithin
caused serun lipids'to rise an average of 71 per cent above the fasting level,
whereas without the lecithin thevrise was only 32 per cent, In 3 cases of sprue
which showed essentially no serum lipid increase after fat ingestion, the addition
of 1lscithin caused serum lipids to rise 27 per cent above the fasting level. Thesd
workers also gave 180,000 units of vitamin A to 7 normal subjects with and without
lecithin and 4 hours later determined serum vitamin A levels., Without lecithin serum
vitamin A rose 41 per cent above fasting, while with it serum vitamin A rose 212 per
cent above the fasting levell A similar increase was noted in cases of éprue.
This work shows a marked effect of soy phosphatides upon absorption in both the
normal human and in sprue cases where intestinai absorption is greatly decreased.
It appears.that soy bean lecithin should be of definite value in the numerous
gastrointestinal diseases and in geriatrics where absorption is deficient., This
would appear to be very concreﬁe evidence for therapeutic value of the Glidden product.,
It appears probable that this effect of lecithin upon absorption is due to the
emulsifying action of the lecithin upon the fats which provides better contact with the
fat digesting enzymes and also renders fats.and their hydrolysis products more |
permeable to the intestinal menmbranes.

uynthesiq of phosphatides in the body

The univvrqal distribution of phosphatides in}xving tissues attests to their
fundamental bilochemical importance. That cach tissue has the capacity to syntheslze
its own phosphatides appears well established from the many experiments carried out
with isotopes (see the review by Artom, Phosphorus Metabolism, Vol. II, page 203,
The Johﬁe Hopkins Press, Baltimore, 1952; also the review by Zilversmit, Annual

Review of Biochemistry, 24, 157, 1955).

- pmpp——
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Blood phosphatides are derived largely from the liver (Chaikoff and associates,

J. Biol, Chem., 150, ‘47, 1943), and to a smaller extent from intestinal absorption
and synthesisjrand the liver represents the primary site of removal of phosphatides
fr-m zlzzmz.

The rates at which phosphatides are synthesized and broken down (turnover rates)
in tissues are relatively fast generally, though brain phosphatides appear to change
slowly, The relative order of turnover rates for rat tissues appear to be:
| liver» intestine kidney> muscle> brain,

It has been shown that various substances and factors influence the rate of
phosphatide turnover, Choline feeding has been fgund to increase the rate of
lecithin turnover in the 1ivérs of dogs (Chaikoff and associates, J, Biol. Chem.,
176, 192, 1948), and this appears to be due to motabolic activity within the liver
cells. The level of liver lecithin was increuseq. The amino acids methionine, cystine,
and cystelne also Increase the turnover rate, as does betaine (J. Bilol, Chem., 125,

359, 19405 130, 593, 1939).

Cholestarol feeding decreases the twrnover rate of Jivér phosphatides (J, Biol.
Chem,, 128, 735, 1939) and causes fatty livers. This effect is counteracted by
feeding choline, | ‘

Artom and Cornatzer (J. RWiol. Chem,, 165, 395, 1945) showed that a large dJose
of choline adninistered with fat to rats caused increased formation of phosphatides
in the intestinal cells, suggesting that the supply of choline to thess cells may
be a limiting factor in this synthesis,

The liver ana kidneys of choline deficient rats are deficlent in phosphatides
(Patterson and iicHenry, J. Biol, Chem., 145, 207, 1942). '

Artom and Marziani (Bull, soc. chim, biol,, §, 713, 1924) lound the removal
of ovaries from rabbits causes a decrease in liver phosphatides, and thyroidectomy and
pucreatectomy produce similar results, Schmidt (Aw, J, Physiol,, 111, 138, 1935)

founl that the injection of thyroxin cauees a decresse in liver phosphatides but an
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increase in fatty acids from other lipids., In skeletal muscle phosphatides increased
and fatty acids from other lipids decreased.. In blood both increased.

Tumors haQe been‘found (Chaikoff, Physiol, Revs., 22, 305, 1942).to incorporate
P32 into phosphatides more rapidly than other tissues.

The influence of various hormones, diet, and other substances and factors upon
phosphatide formation in different tissues of different animals constitutes a very
complex and often confusing picture, and to go into it further here does not seem'
profitable, Reviews of this phase of phosphatides are given by Artom (Phoaphorus‘
letabolism, Vol, II, page 203) and by Zilversmit (Annual Review of Blochemistry, 2L,
157, 1955). |

The actual chemical reaétions utilized by tissues in the synthesis of phosphatides
(Phosphoglycerides) have been partially worked out,

The presence in tissues of many of the molecules of which phosphatides are
conposed is well established, These substances uﬁdoubtcdly represent both products
being formed and utilized by tissues in the synthesis of phosphatidcs,’and substances
formed in the breakdown of phosphatides, Such substances found in tissues are:

Glycercl, fatty acids, choline, irorganie phosphate, glycerol phosphate,
phosphoryl cholins (choline phosphate), phosphoryl ethanolamine (ethanolamine
vhysphate), glyceryl phosphoryl choliﬁc, glyceryl phosphoryl ethanolamine, lignocéryl
sphingesine, sphingosine choline phosphate, serine, and inositol,

Isotopically labeled inorganic phosphate, glycerol, fatty acids, choline,
ethanolaaine, and serine have all been shown to be incorporatéd into the’phosphatide
fractions of tissues, |

Kornberg and Pricer (J, Biol. Chem., 204, 345, 1953) And Kenheéy and assoclates
(J. Am, Chem, Soc., 75, 249, 1953; J. Biol, Chem., 201, 299, 1952; 209, 525, 1954;
Federation Proc,, 13, 241, 1954) have provided evidence for specific chemical proc;ases
oy which tissues form phosphatides of the phosphoglyceride class (phosphatidyl cholines,

phosphatidyl ethanolamines, and phosphatldyl serines). These workers used .rat liver
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enzyme preparations and liver mitochondria., According to this evidence synthesis.

proceeds as follows:

¥

H

H-——C —OH
H—C—0H
H ? OH
H
Glycerol
R
H-—-é-—-OH
H-—C -~ OH
H~~C—0——
.{

a-Glycerol phosphate

H

H
H~—~— C~—OH
+ ATP —> H-—C—0H ~+ ADP

‘ 0
Il
Y~ C ——0 — P — OH
|
xl{ OH

a-Glycerol phosphate

H 0

l [
H—C —0—C-—=R

0 | 0

_ l g
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Phosphatidic acid

0

I

H— C—0—C —R
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0

(l) Fatty acyl | ﬁ
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"H
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Phosphatidic acid
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H 0

I I
H—C—0—C—R _
' 0
I | i + 9 H0
H~—C ~~Q ~~C—R

e

L ? . CHj
H-——-}L —0 —-1 7-o—--cx{z-—caz—-r+s—<gg3
3

Phosphatidyl choline

Substitution of ethanclamine or serine for choline should'give the other two classes
of phosphoglycerides,

While other pathways of'synthesis possibly may be utilized, the above process
appears to be established, Nothing is known of the mechanisms involved in the
synthesis of the complex inositol phosphatides.,

It is obvious that phosphatides may be broken down in tissues into their
component molecules and thees reassemblsd into other phoébhatidcs, gi;ing a very‘
complex situation, |

Tissue phosphatides -

The quantities of phosphatides present in blood and other tissues vary with
physiological states, but for each type of tissue there is a rather charactcristié
range of values, The methods of analysis used by different workers have varied and
have given variation in values characteristic of the methods, This fact combined
with actual‘changcs in tissue phosphatides with physiological and individual variations
lead to a rather wide spread in values,

I. Human blood

The table below summarizes values obtained by chief workers in the field,

sach entry representing the values obtained by a worker or group.
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Total Lecithins" Cephalins** Sphingomyelins Dietary
"\ Serum, plasma phosphatides ' . state of
‘or corpuscles mg. ® % of total % of total % of total subjects
Serum (6) | | 226 L7 42 1. Postabsorptiv
Serun (12) 185 22 Postabsorptiv
Serwn (2)' ' 229 60 27 13 Not stated
Plasma (4) 189 52 ’ 29 19 Not stated
Plasma (unknown no,) 204 61 22 17 Not jstated
Plasma (16) | 152 20 Postabsorptiv:
Plasma (20) 5 13 L7 40 Fasting
Plasma (llj 235 _ 3 - Postabsorptiv.
Plasma (unknown no,) 153 55 | 28 12 Not stated
Serun (2) 18y, o 59 : Not stated
Erythrocytes (4) 317 21, ' 60 ~ 50 Not staled
. .hrocytes (20) 196 ' 16 60 2L Fasting
vErytrmocyte stroma (4) 10 20 50 30 Not stated
tLeucocytas (22) 8&4:241 ' Not stategd

3
Phosphatidyl cholines.

##Phosphapidyl ethanolamines chiefly, with some phosphatidyl serines, and inositol phoéphatides
if present. ‘

¥ he low values for cephalins, 3 per cent of total, obtained by Chaikoff and associastes is

noteworthy., These workers (J, Biol. Chem., 156, 385, 19/4/) determined the lecithin and
cephalin distribution on the basis of choline to phosphorus ratio, and found 97 per cent of
the plasmua phosphatides to contain choline (lecithins and sphingomyslins), showing the albsence
of appreciable anmounts of the cephalin fraction. Later work by Sinclair "(J. Biol, Chem., 174,
343, 355, 1948) corroborated this work of Chaikoff and.ansociates, and it appears that.much of
SERER pve e e orv thlf. LL;‘SL.’LiLrV:CILN (JT/- .
Wiferont phosphatide fractions in blood is questionable., This shows again the unsatis-

 factory state of our knowledge relative to the phosphatides, and the necessity of improving

analytical methods,
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It has been found that a large proportion of the phosphatides of plasma 1s

associated with plasma proteins as lipoprotein complexes, These lipoprotelns appear

to be formed chiefly with the ay- and Bl -globulin fractions of plasma protelns.
Besides contalning ruch phosphatide, these lipoproteins may contaln up to 20 per cent

cholesterol, and some fatty acids. Edsall (Advances in Protein Chenmistry III, Academic

Preés, New York, 1947) states that the Bl lipoprotein contains 75 per cent lipid, but
that it dissolves up to 10 per cent in dilute aqueous salt solutions. The molecular
weight of this complex appears to be about 1,000,000, Most of the 1lipid of lipoproteins
may be extracted with fat solvents, indlcating loose bonding, These lipoprotein
complexes are important in keeping the lipids dissolved in plasma, Undoubtedly similar
complexes between phosphatides (and other 1ipids) and proteins exlst generally in

tissues.
Kaucher and associates (Arch, Biochenm., 3, 203, 1943) have studied the phosphatide
content of various beefl organs, and reported their results on the basis of per cent of

dry weight of the organ.

Total
Organ phosphatide “ lecithins Cephalins  Sphingomyelins '
Brain 26,37 7.05 14,35 4.96
Liver 16,22 8,86 6.59 0,76
Kidney 10.32 5,62 2,02 | 1,66
“Heart 9.83 3,96 2 0,52
Lung 9.78 3,60 3,90 2.27
Thymus 6.71 2,28 2,72 0.70
Muscle 0 324 L84 119 0,20 0——
T~ };,rrg, ChiC(On 13 73 9.95 30141& 0-3[%

M\ Lol J_Z"

"

Bloor made an exteunsive study of the phosphatide to cholesterol ratio in
muscles of many animals and found this ratio to be highest for muscles with the
highest activity, and also, that exercise of a given muscle increases the ratilo
(Bloor, Biochemistry of the Fatty Acids, Reinhold Publishing Corporation, 1943,
pp. 200-210).

The above vélucs for phosphatides in tissues, the fact trat the most active

muscles (such as heart) contain the most phosphatide, and the fact that the tissues
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of starved animals still contain much phosphatide (fats practically gone) point up
the importance of phosphatides as fundamental constituents of tissue machinery.

Some pathological relations of the phosphatides

While undoubtedly a large proportion of pathological states are gssociatéd with
changes in phosphatide distribution, yet at the present time our info¥mation in this
field 1s severely limited, In the following discussion an attempt is made to briefly
outline some of the relations of phosphatides to abnormal states, These states Wéry

from what may be conaidered exaggerated physiological to patent pathological conditions,

A partial review is to be found in “The Phosphatides"; by Wittcoff, pp. 424-442,

Reinhold Publishing Corporation, New York, 1951,
A, Fatty Llvers
While the normal mammaliaﬁ liver contains about 5 per cent lipids, in a
nunber of bathological and physiolagical disturbances the lipid content may rise
to 25 to 30 per cent or higher, and under these conditions "fatty livers" are said

Lo exist,

Fatty livers in general contain more cholesterol (chiefly as esters with fatty acids),

‘more neutral fat, and less phoephalides than normal, though the proportions of lipids

present vary wldely under different conditions,

| 1, Liver injury

Cirrhosis of the liver associated with sypﬂilis, alcoholism, and
prolonged maldrial fevers may show marked fat infiltration and depocition in the
liver,  Fat deposition is particularly copioué-in acute yellow atrophy, where it
may amount to 50 per cent of tho weight of the liver.
Injury to the liver by poisons such as carbon tetrachlorids and phosphorus may

lead to fatty infiltration of the liver, |

- In all of the above cases the fatty livers appear to result bacause injury of

the liver decreases its capacity to metabolize the lipids brought to it.
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2. Diabetes
‘in diabetes, because of the defect in carbohydrate metabolism, much of
the energy must bo derived from fats, and this is true of the liver as well as most
oiher tissues (brain excepted apparently), In this condition depot lipids (mainly
fat) are mobilized into the blood stream and these with dietary lipids are brought
to ﬁhe }iver in much exaggerated quantities, quantities which exceed the capacity
of the liver to metabolize them, with the result that the liver lipid content |
increases to produce fatty livers., After the diahetic state 1s relieved by insulin,
the excess 1lipid disappears from the liver, This condition represents fatty livers
due to an exaggerated physiological condition,
3, Carbohydrate deprivation
Fatty livers have been caused In mice and rats by starvation, in which
blood lipids markedly increase, or by feeding diets high in fat and low in carbo-
hydrate, Carnivorous animals, such as thes dog, do not show starvation fatty livers,
In these cases of fatty livers the increased lipid in the liver is due to the increased
load of lipid imposed upon the liver for metabolism, an exaggerated physiological
condiéion. ’
The conditions causing fatty livers outlined above do not appear to invglve
deranged phosphatide metaboliswm, Most of the nonhormsnal causes of fatty livers
given below appe#r bo directly or indirectleéoncern phosphatides,
4. Unsaturated fatty acid deficiency
Anima}s fed diets deficient in the so-called essential fatty acids
(1inoleic, linolenic, arachidonic, abundantly supplied by commercial soy bean
lecithinj develop falty livers, Since liver phosphatides contain a rather large
proportion of such unsaturated acids (which the body cannot make), a dietsry doficiency of
these acids inhibits liver phosphatide formation. The metabolism of fat in the liver is

in some way associated with liver phosphatides, and any condition which decreases thrs

synthesis and utilization of phosphatides in the liver decreases fat oxldation and
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metabolism in the liver (probably in other tissues also, E.S.W.), and may lead to
the #ccumulation of excess lipids in the liver, especially fat,
5. Choline deficiency
It has long been known that diets deficient in choline lead to fatty livers,
- which are relieved by giving choliné or lecithin (which provides choline). Also, the
provision of adequate msthionine prevents fatty livers due to choline ﬁeficiency, and
this 1s due to the fact that if the body has plenty of methioﬁine it can synthedize
sufficlent choline to prevent fatty liver. The fatty_li&ers due to choline deficiency
‘undoubtedly are caused by inability to synthesize needed phosphatides (phosphatidyl
cholines and sphingomyelins). Perlman and Chaikoff (J. Biol. Chem,, 127, 211, 1939)
showed that both choline and methionine increase the rate of phosphatide turnover in
the livers of dogs receiving pR inorganic phosphate,
6. Mmino acid deficiency
Sydenstricker and associates (J. Biol. Chenm., 200, 867, 875, 883, 1953)
observed fatty livers in rats on diets deficient in lysine or threonine, which are
controlled by adequate amounts of these amino acids., It has been found that threonine
defiéiency depresses the rate of phos;hatide'and nucleic acid synthesis in the Liver,
and administration of threonine restores the synthesis, Here again the role of
phosphatides in relation to fat metabolism in the liQer is evident,
7. Excess cystine feeding
Fatty livers may be produced by feeding excessive amounts of cystine in the
absence.of-adequate choline or methionine, This appears to be due to ths excess
cystine causing increased tissue protein synthesis and using up the supply of
available methionine for this purpose to an extent which leaves an inadequate supply
for the formatlon of choline and phosphatide synthesis., |
8. Cholesterol feeding
Very fatty livers have been produced in rats by feeding cholesterol, The

livers contain much cholesterol, and an excess of neutral fat. Choline administration



? 296

teﬁds to alieviate the fat infiltration but is much less effective.upon the cholesterol.
Perlman and'Chaikoff (J. Biol, Chem., 127, 211, 1939) showed that cholesterol feeding
(high liver cholesterol) decreases the rate of phosphatide turnover in the liver, which
is corrected by choline, »

It has been fouﬁd that a combination of choline and Inositol is more effective
than éholine alone in controlling fatty livers due to cholesterol feeding. Here.
apparently the fatty livers are dus to insufficient phosphatide synthesis and turnbver
in the ldver.

9. Excess biotin

It has been shown that fatty livers may be caused by feeding an excessive
amount of the vitamin biotin, This condition is not relieved by choline but is by
inositol. The theory relative to shch fatty livers is that excess biotin somehow
increases the demand for inositol and depletes the quantity available for the formation
of inositol phosphatides. This is only a theory,

10, Py;idoxine deficiency

Engel (J. Nutrition, 24, 175, 1942) has described conditions under which
pyridoxine deficiency leads to fatty 1i;ers'which are resistant to choline but
relieved by inositol. The deficiéncy may cause an increased demand for inositol
thereby depleting phe supply for inositol phosphatide éynthesis. This is an
unsubstantiated theory only,

11, Guanidoacetic acid feeding

Stetten and Grail (J, Biol. Chem,, 14k, 175, 1942) produced extremely fatty

ivere by feeding guanidoacetic acid to rats, even when receiving choline, Apparently
Lthiz choline was decomposed to provide methyl groups to methylate the choline to ‘
urestine, leaving an inadequate supply for phosphatide synthesis,

chér conditions may lead to fatty livers (see West and Todd, Textbook of Bio-
chondstry, 2nd ed., pp. 899-600) but those given above appear sufficient to siress

lne urbrenie Inportance of phosphatides in liver lipid metabolism,
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B. Lipidoses

There are a number of pathological conditions in which sbnormal amounts of
certain lipids accumulate in organs or subcutaneously. Apparently in only one of
these are phosphatides primérily:ihvolved, and this is Niemann-Pick's disease in
which lipides accwnulats in any of the organs, but especially in the spleen, liver,
lymph nodes, bone marrow, and central nervous system. These lipld accunulations
contain much sphingomyelins, though the glycerophosphatides may also be markedly |
increased, The causes for Niemann-Pick's disease are unknown.

The xanthomatoses are characterized by the accumulation of lipids subcutaneously
in large spongy masses, The 1lipid déposits were found by Eckstein and Wile (J. Biol.
Chem., 87, 311, 1930) to contain 48.8 per cent cholesterol and 8.1 per cent phosphatide.
In so-called primary’xanthomatoses‘total blood lipids are high, with bhigh values for
both cholesterol and phosphatides, *dlersberg and Sobotka (J. Mt. Sinal Hosp., N. Y.,
9, 955, 1943) reported on five cases of xanthomatosis in which the hypercholesterolemia
was alleviated by prolonged feeding of phosphatides. Tnterruption of this therapy
caused the lipemia to return,

d. Other conditions

Diseases of the liver

Elevation in blood phosphatides have been founa in hepatitis, however cases
have been observed in which the phosphatide level was low or normal.,

Diseases of the kidneys

.Diseases of the kidneys like those of the liver are usually assoclated with
increases in blood 1lipids (lipemia). In the nephrotic syndrome with increased total
blood lipides, the phosphatide content appears to increase in proportion,

Diseases of the pancreas

| In diseases of the pancreas which prevent the production of digestive enzymés,
one of the most common characteristics is failure to digest and absorb fats leading to

much lipids in the feces -~ steatorrhea, The blood lipid level falls with reduction
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in fats, cholesterol, and phosphatides due l:rgely to failure of absorption, and
probably also failure ol synthesis due to decreascd supplies of substances necessary
for synthesis. The improvement in fal absorvtion due to the administration of soy bean
lecithin in cases of sprué with steatorrhea as observed by 2dlersberg and Sobotka has
already been noted earlier in this discussion. |

Diseases of the blood

In diseases of the blood leading to various types of anemia Bloor and '
MacPherson (J. Biol, Chem,, 31, 79, 1917, shoued a decrease in blood cholesterol énd
phosphatides, the change being much more marked in thc plasma than in the cells,
villiams and coworkers (J. Biol. Cheal., 118, 599, 1937; J. Lab, Clin. Med., 26, 996,
1941; found in pernicious anemia that the cholesterol esters increase considerably and
the phosphatides decreass slightly in the erythrocytes, while all of the phosphatide
fractions in the plasma are far below nomal. After treatment of pernicious anemia
Kirk (Am, J. Med, Sei., 196, €48, 1933) observed a marked increase in the ether
insoluble phosphatides of plasma,

It has been observed thal the phosphatides of spinal fluid are increased during
pernicious anemia (Semana Méd. (Buenos "Aires) I, 403, 1948; Chemical Abstracts, 42,
6923, 1948).

Diseases of the blood vessels

Because lipids, particularly cholesterol, accunulate in the atheromatous
patches of blood vessels in arteriosclerosis, considerable attention has been directed
to it., Atherosclerosis has been produced in birds (Arch. Path,, 38, 46, 1944) and in
rabbits (Arch, Path,, 18, 473, 600, 827, 193;) by feeding cholesterol, This is
assoclated with an increase in both cholesterol and phosphatildes of blood (Binl,
Zhur., 4, 507, 1935; Chemical Abstracts, 32, 7561, 1938). Chaikoff and associates
(J. Biol. Chem., 179, 113, 1949) have shown thet arterial tissue is capable of
synthesizing fatty acids from ¢l acetate, and also is capable of incorporating

labeled (P32) inorganic phosphate into phosphatides. This indicates that synthesis
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of lipids by blood vessels may contribute to atheromatous lesions,

Downs (Ao, Med,, 41, 460, 1935) and Kesten and Silbowitz (Proc. Soc. Exp,
Blol, Med,, 49, 71, 19;42) reported that the ingestion of phosphatides diminishes
both the hypercholesterolemia and the arteriosclerosis resulting from feeding
cholesterol to rabbits, i

Hypertension is often associated with arteriosclerosis, and increasss in
all lipid fractions, including phosphatides, have been reported in hypertension !
(K1in, Wochschr,, 11, 8386, 1932), However,'Peters and Man (J. Clin, Invest., 22,
715, 721, 1943) are of the obinion that blood lipids in hypertension are not disturbed
unless there are associated causes such as nephritis,

Geyer and associates (J, Lab. Clin, Med., 34, 688, 1949) isolated from
comnercial soy bean phosphatides a fraction which showed appreciable blood pressure
lowering action in man., It appeared necessary tg a%%ow the phosphatides to stand in
air for development of this property,

Diseases of the central nervous systeam

Such diseases appear to have little effect upon blood phosphatides or other
1ipids though Roeder (Z, ges. Neurol./fsychiat., 168, 519, 1940) reported the phos-~
bhatide content of spinal fluid to be decreased in cases of schizophrenia,

Twnors and neoplasms

Actively growing tunors more rapidly syﬁthesize and use phosphatides
(higher turnover rates) than do normal tissues, as shown by increased rates of
incorporation of PR inorganic phosphate (J. Biol, Chem,, 128, 631, 1939; 133, 319,
1940; Am, J. Cancer, 40, 235, 1940). Different tumors show widely different rates
of phosphatids turnover,

Tuberculosis

The phosphatides containing phthioic acid from the tubercle bacillus were |
shown by Sabin and associates (J. Exp. Med., 52, suppl., No, 3, 3, 1920; Pﬁysiol.

Rev., 12, 141, 1932) to cause the formation of typical tubercles (defense reaction).
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Increases, no change, and decreases in blood phosphatides of tuberculosis patients

have been reported. The situation is uncertain.

Tompkins reported (Amer. Rev. Tuberc., 33, 625, 1936) that egg yolk lecithin,
injected before or after intravenous inoculation of rabbits with bovine tubercle
bacillus, caused more repid and extensive healing of pulmonary lesions than in the

control animals. This may have been due to phosphatide activation of enzymes which

break down the tubercle bacillus, !

Diseases of the heart |

Ide (Huk%éka Acta Med., 33, 35, 1940; Chemical Abstracts,.BS, 820, 1942)
reported the phosphatide and cholesterol of heart muscle to decrease in functional
cardiac disturbances, The plasma lipids, including the phosphatides, are generally
increased in coronary sclerosis. | |

Diseases of the skin S v

Hansen (Proc. Soc, Exp. Biol, Med., 41, 205, 1939) reported ‘the blooa
phosphatide fatty acids of eczematous infants to be more saturated than normal,
Phosphatides have been used as therapeutic agenls for psoriasis (J. investigative

Avitaminoses

"Soy bean lecithin (phosphatides) have besn shown to increase vitamin A
absorption in man (Adlersberg and Sobotka, J, thrition, 25,'255, 1943), and Slanetz
and Scharf (J. Nutrition, 30, 239, 19,5) obtained evldence that a factor in commercial
soy bean pﬁosphatidc influences the blood levels, storage and utilization of vitamin A
in the rat, @[sh and associates (J. Dairy Sci., 31, 461, 1948) showed that soy bean
phogphatides increase the absorption of vitamin 2 in the cow and Increases transmission
of colostral vitamin A to the calf,

Gyéfgy (N. Y. fAcad. Sci., 49, 525, 1948) states that pantothenic acid
deficlency causes henorrhagic syndromes uhich may be related to a general blood

dyscraslia caused by disturbance in the utilization and synthesis of phosphatides,
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Palladin and Kudrajawzewa (Riochem. Z., 154, 104, 192.) reported that
rabbitsvdéficient in vitamin B show decreased blood neutral fat and freg cholesterol,
and increased amounts of phosphatides, cholesterol esters and fatty acids.,

Hongo (Sei-i-kwal Med, J., 53, No. 5, 1, 1934; Chemical Abstracts, 29,

3381, 1935) reported that the tissues of guinea pigs on vitamin C-deficient diects
contain generally wore lecithin and free cholesterol than tissues of normal animals.
Sueyoshi and Mitimoto (J. Biochem. (Japan), 30, 155, 1939) found the tissues of !
scorbutic guinea pigs to contain less than normal amounts of highly unsaturated

cephalins, Since cephalin phosphatides promote blood coagulation,'it may be that

decrease in this frection is causatively related to the capillary bleeding observed

in scurvy,

While no variations from normal have been found in vitamin D-deficient animals
(rats), Branson and assoclates (Science, 106, 637, 1947), however, reported that
vitamin D facilitates the incorporation of inorgénic phosphuate into phosphatides.,

In connection with this report it is very interesting that the phosphorus

of soy bean phosphatides is utilized as sfficiently as inorganic phosphate for bone

-

calcification (Krieger and associates, J, Nutrition, 21, 213, 1941). This indicates

fhat the phosphate couponent of soy phosphatides is efficiently split off and uitilized,

Dissases of thelf;roid gland

Hyperthyroidism is associated with decrezsed serum lipids, including
phosphatides, while in hypothyroidism serum lipids, including phosphatides, are
increased, -

Pneunonia

It appears that febrile diseases generally cause a decrease in serum lipids,
Pneunonia is characterized by decrsased blood phosphatides and fatty aclds, with least
effcet upon the fatty acids (Stoessar and licQuarrie, Proc, Soc. Exp.‘Biol. Yed,, 16,
83, 194); Mm, J. Discases Children, 49, 638, 1935),

Harris and associates (Ar, J, Syphilis Neurol., 18, 333, 1924) reported that
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the resolution of syphilitic lesions, produced experimentally in rabbits, 1is hastened

by lecithin‘injection. This was attributed to stimulation by lecithin of the phagocytic

mononuclear cells,

Progressive paralysis

Carbone and Pighini (Biochem. Za, 46, 450, 1912) and Singer (Riochem. Z.,
198, 340, 1923) reportcd a decrease in brain phosphatides in cases of progressive
paralysis, | !

Multiple sclerosis

Well (J. Neuropathol. Exp. Nourol,, 7, 453, 1948) found the phosphatide
content of the white and gray matter of brain to be markedly decreased in patients
with multiple sclerosis, Mincr reported improvement in 80 per cent of 120 cases of
multiple sclerosis treated with lecithin (Hahch. Med, Vochrschr,, 86, 1033, 1939).

The above discussion of phosphatides and pathological states shows a multitude

of relations, and indicates the great importance of phosphatides to life processes,
Only the surface of the problem has Leen touched, and we shall have to wait for some
time before the reasons underlying the relations of phosphatides to bathology'are
under;tood. First, we must have a much clearsr picture of the normal functions of
phosphatides in the body,

Bilologicel functions ard actions of phosnhatides

The following discussion will attempt to outline present concopts és to the
functions and biological actions of phosphatides, Some of these appesr to be well
established, while the evidence for others 1s surgestive but not yet conclusivé.

I. Phosphatides are universally found as components of living cells., They
are conQLituents of metabolically important structures such &5 the mitochondria,

II. Phosphatides, through absorption in the intestine and synthesis in the
;ntesbinal cells, cerve in bringing fatty acids and ths other components of phosphatides
{glycerol, phosphate, choline, ethanolamine, etc.) into the blood stream, and tissues

where they are utilized, The actual proportion of food fatty acids which enters
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intestinal cells and is there synthesized into phosphatides for entrance into the
lymph and blood stream is relatively small, Thus, the phosphatides have been found
to play a muéh less important role in fatty acid absorption than was formerly thought,
I1I1, Dietary phosphatides, such as soy bean lecithin, have been shown to
markedly increase the rate of absorption of fats and vitamin A by both normal
hwaans and patients in which steatorrhea (failure of fat digestion and absorption)
‘exista. This effect is probably largely related to»the emulsifying action of the
phosphatides in promoting better contact between enzymes and fats, and also in |
permitting better direct absorption of the highly emulsified fat and vitamin A, The
phosphatides, ob&iously, should be taken with the food,

IV. The phosphatides play an important role as constituents of the lipoprotein
couwplexes of plasma in which much of the blood lipids iS‘lOOSely held and transported,
These lipoproteins are soluble in the plasma, whereas without such complexes the
;ipids could not be maintained in solution,

V. The phosphatides .are components of the complex thromboplastic lipoproteins
concerned with blood coagulation. Chargaff and associates (J. Biol, Chem,, 156, 161,
l9hh;-161; 389, 1945) isolated the th;omboplastic proteins’from beef lung, and human
lung and placenta, ana while all of these preparations appeared to be similar,.their
identity.was not established. These workers examined the lipid fraction of the
thromboplastic lipoprotein 1solated from beef lung by diffefential centrifugation,
and which was homogeneous in the ultracentrifuge, They found 40 to 45 per cent
lipids in it distributed as follows (per cent of total lipids): choléstcrol, 19;
neutral fat, 18; lecithin fraction, 26; cephalin fraction, 25; sphingomyelin fraction,
12; and acetal phosphatidea, 1.5, Chargaff (J, Biol, Chem., 155, 387, 1944) was
unable to demonstrate much thromboplastic activity in any one of the phbsphatido'
fractioné. It appears that the complex of phosphatides, lipids, and protein makiné
up the unit lipoprotein molecule must be required in the coagulation proceés, since

the whole lipoprotein complex was of the order of a thousandfold more active than
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lipid extracted from it. More recently ilaltaner and associates ({f? Rept, Division
Laboratories and Research, N. Y. State Dept, Health, 11-13, 1952) reperted that of
the phosphstides only phosphatidyl serine shows‘a strong thromboplastic activity,
Much work remains to be done in cleariﬁg up this problem;
Overmzn and Wright (J. Biol. Chem., 174, 759, l9h8) reported the isolation of

an anticoagulant from beef brain and rabbit lung thromboplastins, and froa human

- plasma and soy bean phosphatides, which was an inositol phosphatide, %Kizli%p~nﬁd

VI. The phosphatides appear to be impbrtant as components of enzyme systems,

Swanson and Mitchell (Federation Proc., 11, 296, 1952) found considerable amounts
of phosphatide in a highly.purified preparation of liver nuclei adenosine triphos-
phatase (ATPase). Earlier, Kielley and Meyerhof (J. Biol, Chem,, 183, 391, 1950)
described a preparation of muscle'ATPase containing much phosphatide. They found

that the enzyme was inactivated by the action of phospholipase D of Clostridium

welchl, which splits off phosphorylcholine (choline phosphate) from lecithins

(phosphatidyl cholines), This work indicates that a lecithin component. of the
enzyme 1s essential for activity, -
Kutschor and Sicy (Naturwiss,, 37, 451, 1950; claim that choline pyrophosphate

is present in both acid and alkaline phosphatases,
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VII. Phosphatides or their derivatives are necessary for fat metabolism in the
liver,

As previously outlined in the discussion of fatty livers, normal fat motabolisx
in the liver is aséociated with a rapid metabolic turnover of phosphatides, and any
of many conditions interfering with phosphatide metabolism in the liver decreases
the capacity of the liver to metabolize fats,

VIIX, Phosphatides or thelr derivatives are necessary for oxidation of fatfy
acids in liver and other tissues,

Artom (J. Biol, Chem., 205, 101, 1953; 213, 681, 1955) studied the oxidation of
¢4 1abeled stearic and palmitic acids by liver slices, homogenates, and washed
particles of rats maintained on various diets by following the clh in the CO,
evolved'and also in the acetoacetate formed, Iiver preparations from rats on low
protein diets plus guanidoacetic acid (deficient phosphatide fonnation in the liver)

. produced less isotopic CO, than did the rats on the stock diet (1iver phosphatides
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normal), Vhan the low protein-guanidoacetic acid diet was supplemented with choline,
or a massive dose of choline was injected shortly before the rats were killed, the
ability of the tissue to produce Clh02 at a high rate was restored., Addition of
choline, betaine aldehyds, betaine or phosphorylcholine in vitro did not stimulate
the production of CIQO»

This work indicates that the action of choline in preventing fatty livers, to
a large degree, may result from the increased rate of fatty acid oxidation in thg
liver due io the actlon of a substance or substances formed from cho;ino in vivo,

In similar experiments (second reference above) Artom found that homogenates of
rat liver, heart, and kidney showed definite increa;es in the rate of oxidizing fatty
acids as a result of both choline supplewent in the diet and injection before sacri-
fice of the gnimals. In some instances oxidation in brain homogenates also wes
increased,

Thus it eppears that phosphatides play an essential role specifically in
promoting fatty acid oxidation not only in the liver, but also in other tissues,

In a paper just published Rodbell. and Hanahan (J. Biol, Chem., 214, 595, 1955)

_report studies on the effect of lecithins (phosphatidyl cholines) upon oxygen uptake

by the mitochondria of rat and guinea pig liver, and also the oxidation of palnitic
acid and tripalmitin (triglyceride) labeled with Clh Thess workers found that
lecithin and lysolecithin (a'- fatty acid removed from lecithin) increased the
rate of OxXygen uptake by rat liver mitochondria, With guinea plg liver mitochondria
lysolecithin, gljcerylphosphorylchollne, glycerophosphate plus choline, and phosphoryl~
choline, but not lecithin, caused a greater stimulation of oxygen uptake than would be
required for the complete oxidation of these compounds, Phosphorylcholine was most
effective in this stimulation, but it did not increase the oxidation of cl& palmitie
acid or cl4 tripalmitin, ILysolecithin and glycerylphosphorylcholine, in the presence
coonzyme A, stimulated the oxidation of palmitic acid, the glycerylphoryleholine

(lecithin with the two fatty acid groups removed) being the more effectch.
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Since the mitochondria have been 'shown to be primary sites of oxidation in
the cell, these results'appear to be of prime importance in showing that phosphatides R
or their derivatives are intimately concerned with tissue oxidations, |

Since the cell mitochondria contain much phosphatides, and in view ofvall of
the above work, it ﬁay be postulated that the oxidative enzymes of mitochondria
contain lecithin or other phosphatides or their derlvatives as integral and essential

' !
constituents,

IX, The phOSphatides appear to be widely involved in immune reactions as

v'attesﬁcd by the large nunber of publications on the subject. A review of this fileld

is given in "The Phosphatides!, by wittcoff, pPp. 447-451, Reinhold, New York, 1951,
Horsfall and Goodner (J. Bact., 35, 207, 1938; J. Immunol., 3L, 135, 1936)
found that Type I antipneumococcus gera extracted with lipid solvent to a largé
degree lose their flocculating capacity, but the addition of a small amount of
lecithin to horse sera or of cephalin to rabbit sera, restores the ability to
flocculate Type I pneumococcus,
Hazatto (Z.'Immunitﬁtsforsch., 89, 1, 1936) reported that both lecithin and
cholesterol increase the hapten activity of alcéholic extr;cts of tilssues,
The phosphatide fraqtion of the tubercle bacillus,which contains phthiéic
acid as a constituent, is responsible for tubercle formation in the host, This
has been referred to in earlier discussion.
Charggff and Schaefer (i;:“inst. Pasteur, 54, 708, 1935) concluded tha£ .
of the antigenic acfivity resides in the phosphatide fractioﬁ of Bacillus Calmette-
Guerin; It is probable that a protein was assoclated with the phosphatide (E.S.W.).
The antigens used for the detection of syphills are believed to consist largely
of mixtures of phosphatides and cholesterol in varying proportions. Cardiolipin, a
complex phosphatide from heart, has been shown to fix complement with syphilitic
éera if lecithin or cholesterol is present (J. Biolz Chem,, 143, 247, 1942; 153,

343, 19443 161, 719_19h5). Mixtures of pure lecithin and cholesterol ha&e becn
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found to be an artificial antigen specific for the Wasserman test (2. Microblol.
Epidemiol, Dmnunitﬁfsforsch. (U.S.S.R.), No, 11, 29, 1940; Chemical Abstracts, 36,
2909, 1942). | :

Brown and Kolmer (J. Biol, Chem.; 137, 525, 19,1) found the floccules formed
in the Kahn test to'contéin vhat appeared to be lecithin and cephalin fractions,

Hangér (Trans. Assoc, Am, Physiclans, 53, 148, 1933; J. Clin. Invest., 18, 261,
1939) observed that saline cephalin emulsions are flocculated by serum of individuals
suffering from degenerative or destructive liver diseases. .

X. The phosphatides appear to possess some antioxidant properties in the
oxidation of fats and oils., Olcott and Mattill (Science, 100, 226, 194/; 03l and
Soép, 13, 98, 1936) found the antioxidant properly in the cephalin and inositol
phoephatides, o |

%I, Since some of the phosphatides supply so-called hessential fatty acids"
(linoleic, linolenic ) -and—arachidonic}, the inclﬁsion of such phosphatides in the
diet should provide an excellent source of these acids under conditions of a dletary
deficienéy. This would be expected to develop particularly in cases leading to
steagorrhea, and other cases in which intestinal absorption of fats is poor and

the diet is deficient in essential fatty acids. Soy bean phosphatides contain much

of the essential fatty acids, and also have a marked effect in promoting fat
- : . - - - i ) e ) . / ) ,
absorption, VAN oS oot Koot ,«-\/ PYRS J;u(yca/\.»&,bz,tu J’»’l}'L-j m,ow(i ol Mi{
Aol A

Brown and assoclates (J. Nutrition, 16, 511, 1938) maintained an adult male for
six monthé on # diet which supplied only 0.03 gram of fat per kilogram of body weight
per day. Under these conditions no harmful effects were noted, However, the diet
was low enaugh in fats so that when rats were placed upon it, they developed
typical upsaturated fatty acid deficiency symptoms, In the man the lodine number
of thé total serum fatty acids was decreased froa an average of 1272 before the
experiment to 93 during the fat restriction, indicating a marked drop in unsaturated

fatty acids, . Of espeeial interest was the fact that the serun levels of linoleic
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and arachidonic acids (essential fatty acids) fell to around one-half of the
orlginal vélues! showing that the human’like'the rat cannot synthesize these
unsatursted‘acids and that they shouid be included in the diet, It is probable
that the reason the humén showed no symptoms was that his tissue reserves of‘these
fessentlal fatty acids“ were sufficient for the experiméntal period,

Hansen (Am, J, Diseases Children, 53, 933, 1939) found the fatty acids of the
serun lipids of infants and children with eczema to .contain less unsaturated fagty
acids than normal, and thls did not appear due to previous diet or infection, The
_'oral administration of large doses of an oil rich in unsaturated fatty acids raised
thé unsaturated fatty scids of the serum, and improved the clinical condition,

Bodman and 'Fellx in England during world war II (Med, Press and Cire,, 209,
331, 1943) found ointments and emdlsions for oral use high iﬁ unsaturated fatty
acids to 50 valuable in treating certain types of dermétitis.

~The above 1list of functlons and actions of the phosphatides shows that they
are important in a large variety of biological relations. They serve not only as
essential constituents of cells but also are involved in many physiological
processes, |
. If soy bean phosphatides (commercial soy bean lecithin) are efficiently broken
down énd absorbed into the blood stream they should supply to the body:

1. Choline, which 1is cléssed with the water—soldble vitamins, and which has
a number of 1mportant funetions,

2, A large amnount of the so-called “esﬁential fatty acids",

3. Inorganic phosphate, which is utilized in the étructure of teeth and bones,
and many other constituents of the body whieh are vitally concerned in the metabo-
li{;\pf all foods, The phosphorus of soy bean phosphétides has been shown to be
officiently utilized in bone formation, which means that the phosphate group of the
phosphatides 1s efficiently split off and utilized generally,

4, Inositol{ which also 1s a water-soluble vitamin, and isla necessary
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component of tissue constituents.

5. Ethanolamine, which the body uses in making its own cephalins (phosphatidyl
ethanolawines) and choline,

6. Glycerol, which contributes to the supply of glycerol from the fats and
from synthesis in the body,

Thus, all components of the phosphatides are physiological substances, !

o1 eépecial interest is the establishad fact that coﬁmercial soy bean lecithin
(phosphatides) markedly improves fat dﬁﬂestion and absorption, and the absorption
of vitamin 4, It is prbbéble that thisgzrue of other fat soluble vitamins (D, E,
K) also, and it may bhe thug it would promote the digestion and absorption of proteins
in a mixed diet where they are present with fats (as is generally the case) due to
biﬁ£; enulsifying action on the mixture. This might. be o considerable importance
in intestinal and pancreatic diseasss associated with poor absorpti6n.

The fact that choline and other derivatives of phosphatides have been showm
to stimulate oxidative processes in the liver and other tissues indicates the
. probuable value of soy bean Phosphatiges in impﬁ;ving the level of tissue metabolian,

I\

Thils would be especially dmportent in older people where metabolic processes are
decreased,

Soy bean lecithin should be particularly valuable for debilitated geriatric
petlents in improving intestinal absorption, and in stimulating metabolism and
providing all of the substances enumerated above 1f it 1is well digested and abcorhed,
That its phosphate group is efficiently split %ff and utilizsd has been demonstrated,

[lie mass action effect of flooding thefgz%vaith all of the digestion products of
phosphatides at regular intervals so that they may be used efficiently for the
Formation of the many phosphatldes of the body may be of particular importance in
~conditions in which the metsbolic processes are decreased, This would be analoyous
to giving to patients doses of well balanced mixtures of amino acids, all of which

nuing present in increased amounts at the same time markedly increases the ellciancy

n{ tissue orotein avntheed e
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L3
Suggestions Relative to Research on Soy Bean Lecithin

The following comments are based purely upon findings in the literature so
far as I have made then, because I have not been an active worker in this field.

I, Study of Iﬁtestinal Absorption of Soy Bean Lecithin

 This is of primary importance, While other forms of lecithin (true
lecithin or phosphatidyl cholines) have been shown to be absorbed (noted in our!
revie@)little information exists as to the absorption of soy bean lecithin, except
that the phosphate component is efficiently split off and Qtilizcd. While Dr, Bauer's
project, which I assume he“plans on human subjects, ghould give some information
relative to fatty acid absorption, if these acids are. labeled with 113 they will
" not then be physiological (though.I will bet they will be absorbed), Also, since
the phospﬁatide fatty acids may be split off in the intestine and recombined in the
intestinal wall with glycerol as triglyceride and pass into the lymph and blood
stream as such, following them will not necessarily give the picﬁure as to what
happéns to the phosphatldes as a whole, The phosphatids molecules from which the
fatty acids are split will also be recombined with other fatty acids in passing
through the intestine wull to complicate the situation, Labeling the phosphate
group with P and studyling its distribution is of questionable value, since soy
bean lecithin phosphate already has been shown to be efficieﬁtly split off and
utilized, '

If Glidden could grow some soy beans in.the presence of the nls isotope so0
the lecithin would be lebeled with it, this material would be very valuable to
use in following the absorntion and metabolic fates of both Lhe choline and
ethanolamine components in aninals, It could be used in humans and the increase
in N15 choline and ethanolamine components of blood followsd,

If Glidden would grow the soy beans in the presence of 01402 then ail of the

oreanie components of Lhe lecithin, fatty acids, cholins, uthanolamine; irositol
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A and glycerol would be labeled end their absorption and metabolic fates In animals
(but nét hwnans) could be followed, It would be a good experiment if you could
gel it done,

I would like to suggest an absorption experiment on rats of a more comprehensive
type which I believé would be of value, The technique should be that of Cori in
studying the absorption of sugars by rats (J, Biol. Chem., 66, 693, 1925). The
experimcﬁt should be conducted as follows:

= Normal, healthy rats (120-180 grams) are fasted for 48 hours in cages constructed
" to remove the feces as excreted so the rat cannot cat them., Vater is given ad 1ib,
i An emulsion of the phosphatides is given by stomach tube, &nd after a period of hours,

probably 6-8, the animals are killed and the entlre digestive tract removed, and

X thoroughly washed out with physiological salinc to remove all contents, which are
saved for analysis, g
N
! The total contents of fatty acids, phosphate, choline, ethanolamine, glycerol,

and inositol of the phosphatide emulsion given to the rats are determined, and also

these values are determined on the intestinal contents after the period of absorption,

;i From the differences between the values for these substances administered and remaining
in the intertinal contents after absorption, the amount of each component of the soy
bean lecithin absorbed may he calculated,

! It wéuld be necessary to run controls in which the above substances are

‘ determined in the gastrointestinal contents of }8-hour fasted rats (plus 6 to 8
\ hours of absorption time allowed for the lecithin animals) not given the lecithin,
-7

| In a similar way the effect of the lecithin emulsion could be used to dztermine
é‘/} its effect upon the absorption of fats, proteins, calciun and other minerals, and
vitamins, except in this case the analyses would be limited to those esncerncd with ©

\ the added substance, In each case a lecithin emulsion containing the added substance

\,zuc é/d/L»:)vu— )

\ ’ _ L ~ . =
Cc d b TeDE i N5 : i (¢\, . AL VLR paLe eyl (b Aan
\_could be prepared for slomach tubing. Z’ Lu_}L(\4~y/“[ s 2

ST
This type of experiment should give the answer as to the completencss of

e |
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METHOD FOR DIFFERENTIATING BETWEEN EGG LECITHIN
AND SOYBEAN LECITHIN IN MACARONI
AND NOODLE PRODUCTS*

By Jamns J. VWingrow and BErIAMIN K. Jacons (National Macaroni
Menufacturers Associztion, New York, N. Y.)

Lecithin, as found in eggs and in soybeans, is very similar both in com-
position and properties. Investigators in the past have had great difficulty
in differentinting between these two forms ond in detecting one in the
presence of the other (1). Attempts to detect soybean Jecithin have been
based largely on. chemical constants guch as the phosphorus and nitrogen
percentages and the ratio hetween the two. (2)

Lecithin, & phospholipid, is & compound of phosphoric acid, glycerol,
higher fatty acics, and eholine. Winterstein and Hiestind (1) in 1906 found
that plant phosphatides on hydrolysis vield not only {he usual decomposi-
tion products of leeithin but sugar 88 well. Consequently, it was found
that the phospliorus content of lecithin derived from cggs was higher than
the phosphorus content of lecithin derived from plant life. The same was
true of the other constituents, such as pitrogen mldlcholine. Some analysts
have made these facts ihe basis for distinguishing between the two types.
However, these differences are too small to enable the analyst to definitely
detect the presence of one type when mixed with the other.

Since soybain lecithin is finding its way into use in many food prod-
ucts, e.g., candy, olcomargarine, ghortening agents, and (experimentally)
noodle products, it was deemed sufficiently important to investigate
methods for its detection in order to prevent the simulation of eggs in
certain products, principally noodles.

Prior to 1941, the methiod for the determination of egg solids in noodle
products was based on the lipoid phosphoric acid content (3). The sub-
stitution of soybean lecithin, because of its high lipoid phosphoric acid,
would therefore be confusing in this determination and would vitiate the
analysis. Infact, the presence of soybean lccithin in an egg noodle makes it
very difficult to arrive at the proper result for egg solids by any method
now in use. The method of E. O. Flaenni (4), which depended on the
cholesterol content is aleo vitiated in the presence of soybean lecithin (5).

Soybean lecithin has the property of fluarescing blue and exhibits this
very strongly when subjected to ultra-violet light (6), whereas lecithin
derived from flour and egg products shows this property very feebly. The
following method was built on this prineipal.

e —

e e

® Piresented at the 50th Annual Meeting of the Association of Official Agricultural Chemists, held at
Washirgton, . C, October 25 and 26, 1944.
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METHOD OF ANALYSIS
APPARATUS ARD REAGENTS

Pialtz and Bauer Fluorophotometer, Model B, with accessories. Filter set §63g
eonsisting of one ultra-violet Gilter with a peak of 3700 Angstrom units. A double
filter placed between cuvette and photo-cell with a peak of 4600 Angstrom units,
Phese filters are identical to these used in the Thiochrome determination (7). The
fluorophotometer was so standardized with quinine sulfate, one microgram per ml,
in 0.1 N culfuric acid, as to give a fluoreseence of 50 divisions on the mirrer galva.
nometer, 'Fhis constituted the setting point in all the following experiments,

Wide sloppercd gliss bottles.* 95 percent ethyl alcohol, acctone C.P., naphtha
quinine sulfate U .4.P., anhydrous sodium gulfute C.P. !

1 LOCEDURE FOR FLOURB, GEMOLINAS, MACAKRON}, AND NOODLE PRODUCTS

To o B-gram sample, in & wide atoppercd bottle, add 7 ml of 95 percent alcohol
followed by addition of § gram of anhydrous sodium sulfate. After soaking § hour,
add 63 ml of naphtha, shake the bottle well, aud permit to stand in the dark over.
night. Pipet the clear eolution into o cuvetic and examine for fluorescenee; meke a
blank correction on all the readings.

PROCEDUKE FOR YOLES ANS WIOLE EGGB

Place in wide-stoppered hottle suitable amount of egg product (previously
weigted cut on 2 strip of aluminum) and add 7 ml of acetone. Break up and disinte-
prate the egg Ly means of fiattened end of stirring rod. Add 4 gram of anhydrous
godium salfate and soak for hour. Add 93 ml of nsphtha, ghake bottle well, and
allow to ktand in the dark overnight. Pipet the clear solution in a cuvette and deter-
minc its fluorescence, as above.

EXPERIMENTAL RESULTD

The soybean lecithin** used in this work contained about 60.0 percent
phospholipids and 40.0 percent vegetable oil, which is typical of the
averag: composition of commexcial soyhean lecithin. Different amounts
of this product were dissolved in aleohol-naphtha solution, 7 ml of 95 per-
cent cthyl alechol and 93 ml of naphtha. The fluorescence of the different
quentities of lecithin was obtained on the instrument and recorded in
terms of seale divisions in order to determine whether there existed any
relationship between the concentration and the fluorescence. Examination
of a number of different commercial samples of soybean lecithin for
fluorescence indicates that the variation that can be expected from these
figures is about §-10 pereent, depending upon the amount of phospho-
lipids present. (Commercial lecithin has a phospholipid content ranging
from 5.0 to 65.0 percent which is mixed with a vegetable oil carrier to the
exicnt of 35.0 to 45.0 percent.)

"These results, plotied in Fig. 1, show that there exists a relationship be-
tween concentration and fluoreseencc, and that up to a concentration of
212 milligrams, the Lambert-Beer Law holds (8). Inasmuch as egg noodles

* Coution: Do not use rubber stoppars #3 this will impart fluorescence to tha solution.
¢+ Gitained from Atierican Tecitlun Co upany, Llahurst, .1, N.Y.
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cannot be expected to contain more than 3 percent lecithin, owing to its
shortening effect, this fluorescence-concentration relationship can be
congidered satisfactory for the determination of added soybean lecithin in
noodle ar:d macaroni products.

Samples of the ususl farinaceovs ingredients, flour, farina, and semolina,
were cxsrained for fluorcscence by ueing the extraction method for
esrotenoids as advoented by Ferrari and Bailey (9), and Munsey (10).

200 240

190

e

CCNCERTRATICY Q@ SOYDZAN LESITEIN IX NILDICRAT
on

©
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o -} 10 15 €o 25 Y 35 L

FLUORESCENCE IN SCALE DIVISIONS ON GALVANOMETLR

F1g. 1.—Coneentration of soybean lecithin in milligrams.

A 5-gram sample was extracted with the alcohol naphtha reagent (7:93)
for 24-hours in & wide stoppered bottle and the clear solution was pipetted
into a cuvette and examined for fluorescence. The reagents used were
.exumincd for flucrescence and & blank correction was made on all read-
ings. The results as indicated in Table 2 show that these ingredients
exhibit o very smell degree of fluoreseence. This table shows typical
examples taken from a much larger number. More than one hundred in-
dividual readings for fluorescence were made.

Feg products, consisting of frozen egg yolk and whole eggs, were like-
wise exnmincd for fluorcscence. Representative samples from a large
number tested have been tabuluted in Tuble 3. It will be noted that in
thig range the fluorescence of the yolks varied from a minimum of 1.0 to

2095
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TapLe 1,—-Concenirations of soybean lecithin

S e T e — e

CONCENTRATION 1N WILLIORAMA FLUONESCENCE IN BCALK DIVIBIONS
1.0 0.2
9.0 2.0

16.8 4.0
51.0 11.5
2.4 17.0
104.1 21.0
153.0 28.0
120.0 34.0
212.0 38.0
268.0 41.0

a maxinmum of 3.0 but it is interesting to sce that the concentration of the
‘yolk did not have any significant cffect on the fluoreseence. Whole eggs
in general showed less {luorescence, with & maximum of 1.5 scalo divisions,
whereas an amount of soybean lecithin as small as 18.8 milligrams gave a
seale deflection of 4.0 divisions.

The follo-wing procedure was used to determine which one of the com-
povents of soybean lecithin was the cause of the high fluorescence.

A sample of soybean lecithin was treated with acetone (11) and the
filirate, cousisting of the vegetable oils, was filtercd through a pledget of

TapLe 2-—Typical examples of fluorescence in flour, elc.

popuet WT, OF BALYLE EXTRACIED PLOGKEACENCE IN
| N G¥8, BCALE DIVISIONS

Semaolina -
Hemelina
Semclina
Semeling

St o
ocoooo
O OO
Mo mae S

Semtlina

Farinns 5.0 . 0.5
Farinag 5.0 0.0
T'arinas 5.0 0.0

- Duruwm Flours 5.0 1.0 -

Durum Flours 5.0 1.0
Durum Flours 5.0 0.5
Durum Flours 5.0 0.5
Durum Flours 5.0 0.5
Durum Flours 5.0 0.5
Durum Flours 5.0 0.5
Durum Flours 5.0 1.0
Ipurum Flours * 5.0 1.0
Durum VFlours 5.0 1.0
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Tanve 3.-—Samples of flucrescence in cggs

WT.OF BANPLY EXTHACTED FLUOREECFNCE IN

pRODTCT IN BGMA. BCALE LIVIBIONS
Fgg Yolks 853.6 1.8
Tgg Yolks 807.2 2.5
Yigg Yolks 720.6 3.0
Eeg Yolks £34.0 3.0
Fge Yolts b56.8 2.5
Fge Yolks 637.8 3.0
Egg Yolis 800.0 1.0
Yge Yolks : 654 .4 1.6
Egg Yolhe ’ 601.8 1.5
Egg Yolks 843.0 1.5
Whole Ergs : 915.8 0.5
Whaole Epgs 883.0 1.0
Whele X g 843.0 1.5
Whele Lzgs 599.0 1.0
Whole Yggs 980.0 1.5
Whele Fags 670.0 1.0
Whole Liggs 779.4 1.5
Whale Fea 456.5 0.5
Whaole Fygs 500.0 1.0
Whole Fggs T 719.5 1.0

cotton into a weighed aluminum dish. The residue on the filter was then
treated with ethyl ether which dissolves the lecitbin, and this extract was
collected into,another weighed aluminum dish. Both dishes were placed
o the water bath and evaporated to dryness, dried in a water oven at
100°C. for one hour, and finslly weighed. The two constituents of the
sbove soybean lecithin were then examined for fluorescence in the usual
manner, It will be noted from Table 4 that the phospholipid fraction is the
cause of the fluore:cence.

TapLe 4.— Fluorescence of vegetable oil compared with lecithin

WEIGHT WEIGUT ¢¥ WEIGET OF FLUORF 8CXNCE, BCALE DIVISIONS
or YEGETABLY FERCENT L;(‘ITHIN PERCENT
BAMPLY o1L . VPGETABLE OIL|  LECITHIN
Framg Groms grams
0.7430 0.2005 27.0 0.5350 72.1 5.0 55.0
T —— -

Several differens samples of macaroni products were manufactured
under strict supervision, and different quantities of soybean lecithin were
incorporated. The same mixer, kneader, and press were used for each
Produet, and they were sll subjected to the same drying conditions.

These finished preducts were examined for fluorescence by extracting

2993
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a 5 gram, finely ground sample, with the ususl aleohol naphtha reagent t,
make a total velume of 100 ml. It will e noted from Table 5 that the DPreg.
ence of a small amount of soybean lecithin was sufficient to give aqp ab.
normal degrec f fluorescence. Plotting these values on Fig. 2 shows that
the intensity of the fluorescence is a function of the concentration of the

5.0

FIRTINTACE. SCYRSAY LECTTHIN ADIED TO MACARONT PRCDUST

FLUCIBSCRMNCY IN ECALE LIVISIONS (N CALVANCMETIR

¥1a, 2.—-Percentage soybean lecithin added to macaroni product.
soybean lecithin and that the galvanometer dcflection is generally in
linear relationship to the concentration of the soybean lecithin,

TasLe 5. -Percondage soybean lecithin added to macaroni prodicls

ALDED BGTBEAN LECITHI FLUOREBCENCE IN 8CALR DIVIZIONS
yercent
0.0 1.0
0.5 2.5
1.0 3.5
2.0 6.5
3.5 10.5

A large number of macaroni products including spaghetti, macareni,
and elbows, manufactured in different macaroni factories, were subjected
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TABLE 6.-——Fluorescence in macaront products

PRODUCTY YLUORESCENCR BCALE DIVIBHIONS
Mucaroni 1.0
Mazcaroni 0.5
Macaroni 1.0
Macaroni 1.0
Mecearoni 0.5
Spaghetti 0.5
Spaghetti 0.5
Spasbetti 1.0
Epaghetti 1.0
Spaghetti 0.5
Elbows 1.0
Elbows 1.0
Elbows 1.0
Elbows 0.5
Elbows 0.5

to the fluorescence test. As will be noted from Table 6, the fluorescence
obtained ir all cases was not over 1.0 scale division, whereas the presence
of 0.5 pereent soybesn lecithin was suflicient to cause an abnormal fluores-
cence of 2.5 divisions.

igg noodles containing 5.5 percent egg; solids, as yolk, were likewise
menufacturad under supervision using the same mixer, kneader, and
cutter, and the same drying process. Different quantities of soybean leci-
thin ranging; from 0.5 to 2.0 percent, were added. The dried products were
examined for fluorescence using a 5-gram, finely ground sample in cach
instance, The results, as indicated in Table 7 and Fig. 3, show that the
fluorescence is practically proportional to the amount of lecithin present
in the sample.

The addition of 0.5 percent soybean lecithin to an cgg noodle can there-
fore be deteoted, owing to its significant fluorescence as compared to the
feeble fluorcseence exhibited by a normal egg noodle made solely from
€ges.

TaABLE 7.—Percentage soybean lecithin added (o egg noodles

TS ——
ADPED BOYREAN LECITHIN FLUORESCENCE IN 8CALE DIVISIONS

\\——_,

percent

0.0 1.0

0.5 4.5

1.2 11.5

2.0 19.5
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Two hundre:i samples of cgg noodles containing 5.5 percent egg solidy
have been examined in the past year. A statistical analysis indicates {hyt
the maximum fuorcscence was 2.5 scale divisions, the minimum 1.0 seale
divisions, the wverage 1.6 scale divisions, and the standard deviation 043
scale division. In Table 8 are the results of typical cgp noodles, some made
with yolk, some with whole egg, and some with dried eggs. The maximuy,

o

gty 2

1.

PERCENTAGE SOTERAM LECTTHIN AIEZD TO T00 NOCDLES
3.

kel

Q 3.0 6.0 .0 iz.0 15.0 18.0 21.0 4.0
FLOUOFEGOBNMCE IN SCALR DIVISIONT ON GALVANCHATER

Fra. 3.—Percentage soybean lecithin added to cgg noodles.

fluorescence in no case exceeded 2.5 scale divisions, whereas the addition
of 0.5 pereent soybean leeithin was suflicient to increase the fluorescence
by 80-100 percent. The addition of 0.5 percent commercial soybean
lecithin to & noodle product would correspond to 1.4 percent added egg
solids as yolk, sinee this product has on the average 60 percent phospho-
lipids. t

TapLy 8.—Mazimum fluorescence tn egg noodles

NOMBEK FLUORFBCENCE NUMRKR FLUORESCENCE
1 1.0 11 2.5
2 1.0 12 2.0
3 1.5 13 1.0
4 1.0 14 1.5
5 1.2 15 1.0
6 1.4 16 1.5
7 1.0 17 1.0
8 1.2 18 1.0
9 1.0 19 1.6
10 1.0 20 1.0
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The present Standards of Identity by the Food and Drug Administra-
tion include a raacaroni product containing 12.5 percent soy flour. Experi-
ments were therefore conducted to ascertsin if the presence of this
amount of =ov flour, with its high lecithin content, would have any
significant ¢ecl on the fluorescence of the finished product. Four dif-
ferent mircaroni produets were inanufactured, cach containing 85 percent
durum flour and 15 percent soy flour. The finished products were examined
in the usual manycr using o S-gram, finely ground sample.

Taprh Q.—~—Maxtmum fluorescence in zoy macaroni producls

2YVE 80 FLOUR THED FLOORRACENCE IN BCALE DIVISIONB

.

1—Extraeted Soy Flour, ¥at content-—1.0%
2—Extracted Soy Flour, Fut content-—1.09%
8-——Medium Fut —7.09%

4—High Fat—22.0%

NN NN
MO oo

It will therefore be noted, from Table 9, that the presence of 15 percent
oy flour in & macaroni product will increase the fluorescence somewhat,.
Hov.ever, a correction factor can be applied to a macaroni product, to
vield the flunrescence due solely to the product exclusive of the soy flour
used.

SUMMARY AND COXCILUSIONS

A need for a method of differentiating between soybean lecithin and cgg
lecithin Lias been demonstrated.

The stronz flucrcscence of soybean lecithin, when subjected to the
ultra-violet light, hias been proved to be an adequote basis for detecting
the addition of sovbean lecithin to macaroni and noodle products.

It has Leen demonstrated that the farinaceous ingredients and egg
products show the property of fluorescence to only a very small extent,
and tha{ the addition of 15 percent soy flour will not tend to interfere with
the detection of soybean lecithin.

The fluorcscence obiained by the use of added soybean lecithin is
Practically proportional to the concentration used, and hence may serve
s & means of estimating the amount added to a macaroni or noodle
product.

A definite method for determining the addition to macaroni and noodle
Produets of quantities of sovbean lecithin as small as 0.5 percent (in most
¢ases) hes been presented and proposed.
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ESTROGEN IMPLANTS IN DOGS

A Prerivivary Rerorr

Daxmen B Zisax, DS, Bowaen Vo Zreanenen, MS. D.D.S.,
AND CHARLES Seaxerz, P Do New York, N Y.

HIS was a study to test the effeets of estragen implants talpha-estradiol)
in dogs. The main interest centered about the oral tissues, althoueh other
organs were observed as well. Gross and microsrapic exanminations were made,
and complete Dlood counts and pertinent blood ¢hemieal analyses were ineluded.
Two studies dealing with the effects of estrogen in dogs ave reported in
the literature: Crarts (1941) injeeted daily doses of 5 mg. alpha or beta
estradiol and found a marked neutrophilia followed by o neutropenia, a de-
crease in young neutrophiles, an anemin, and a deerease in hemoglobin,
Tyslowitz and Dingemanse (1941) injected daily 5 my. estrogen into dogs
and found a fall in nearly all the blood clements. Tn many there was a pie-
ture of ahnost complete absence of granuloceytes in the peripheral bleod with
similar decreases in the bone marrow, and neerosis of mucous membranes and
skin, deseribed in man as agranuloeytosis. Skin symptoms were edema around
+ the mouth and sex skin, loss of hair, neerosis between foes. poor healine of
wounds, and hemorrhages under the skin and mucous membranes of the ali-
mentary canal or the urogenital {raet.,

Our study differcd from both of these in that estrogen was implanted
subcutaneously and the experiments were of longer duration.  While some of
our findings were similar, new factors were introduced. and symptoms not
reported in either of the two studies mentioned above were ohserved.

Twenty-one females (mostly mongrel fox terviers of varying ages), weigh-
ing from six to sixteen pounds, comprised our group. They were divided into
four eategories as follows:

Group 1.---Thirteen dogs received imiplants of alpha-estradiol pellets suh-
cutanconsly.

Group 2.— Three dogs received the estrogen implants and in addition were
given 3 (im. soybean lecithin daily incorporated into their diei.

Group 3.- Three dogs received estrogen implants, only, tor several months:
then 3 Gm. lecithin were added o their daily diets, twenty-cight days hefore
_“»—};‘_1“»111 the Departments of Deptistry and Anined Care of the Faculty of Medicine, Columbia
I‘Iniversit_\ .

Presented as part of the Svmposium on Riolopic Axpects of eriosdontal Dixense by e
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the termination of the experiment in 1wo ifnstances and twelve days in one
nstance.
Group 1. 'Two controls, living under conditions identical with the rest of

the group hut withaut estrozen implants or Teeithin.
METHODS

Routiue procedures consisted of: pn--vxpvrimvmz\l welght; xX-rays of the
jows and teeth, and the oxtremitios: hiopsies of the gingivae; taking of fasting
Hlood for complete blood count; cedimentation rate; tests for blood sugar,
phosphatase, phosphate, cholesterol, vitamins A and (15 and eolleetion of urine
for assays of thiamine, riboflavin, ad nicotinie acid. The estrogen Was im-
planted atter these preliminary procedures which were suhsequently repeated
at intervals of about {threc months.

I group 1, five animals died, fomr were waerificed because they were on
the verwe of death. ad four were sacrificed at the termination of the experi-
ment.  The average Juration of the experiment iu this group was thirty-two
and four-tenths weeks, the animals living the longest having been under ob-
cervation for seventy-two weeks, the shortest span having been eight weelks:
A deviation invalved two animals receiving implants of estrogen at the begin-
ning of the stwly without rencwal for over a year.

In eroup 2. two does died and one was sacrificed,  The average duration
of experimental procedures was {wenty-six and six-tenths weeks, the variation
heing trom {wenty-three 1o thirty-two weeks.

In group . one dog died and two were suerificed. The average survival
was twenty-four and ceven-tenths weeks, with variations from twenty-one to
thirty weeks.

In group 4 hoth animals were saerificed terminally, one after twenty-
seven weeks, the othera fler twenty-eight weeks.

Prior to saerifice, the rout ine elinical and laboratory procedures previously
deseribed were again repeated s and al autopsy the following tissues were re-
cerved for histulogic examimtion s gingivae, neous membranes, tongue, skin,
uterus, vagini, ovarics, stomach, intestine, kidney, liver, spleen, heart, and
Jung, The thyroids and adrenals were studied early in the investigation, but
Leeause they showed no apparent histolouie chanees. the examinations were
not eontinned,  The Jaws were prepared for ceetioning as was a picee from
one of the Tong bones,

(iross observitions inelnded seareh Tor changes in the gingivae and skin.

RESULTS

Weight: «Table T,

Group 1.--Ten ol the thirteen dogs showed weight ¢ain, terminally. Of
these, five were imnature when first examined. One lost, and two weighed about
the same at the end as ihe onset. Al weighed more at midpoints in the
experimental period than at the end. The greatest gain was six pounds. Most
of the animals showed 1 variation of only one to two pounds.

Group o — Terminally, one dog shiowed a loss of three pounds; onc an in-
crease of one pound; and one weighed the same as at the beginning.
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Group 5. Terminally, one dog showed an inerease of one pound; one a
Joss of two pounds: and otie weighed the same as at the beginning.

Group i - (Controls.i These animals showed o gain of one and two pounds,
respeetively, in the final weighing.

Implants of Hpla-Estradiol: (Table 1),

The averaze total dosage over the entive period was 0 mg. All animals
received implants at least twice, and some as many as five times.

Group 1- -The greatest amount implanted in one animal was 210 mg. and
the least, 40 milligrioms,  The average absorption was about 170 pg a day. The
araitest possible absorption, assuming all nonrecovered pellets to have been
absorhed, was 300 pg and the smallest amonnt was 80 micrograms,  In those
instanees where recovery was certain, the average quantily absorbed was ap-
proximately 180 pe. so that a more aceurate estimate for the group would be
between 125 and 170 pg a day.

Group 2~ Seventy milligrams were implanted in cach animal. The aver-
age daily absorption was ahout 153 micrograms,

Group 53— An average of 90 mg. estrogen was implanted.  The largest
amount was 100 mg. and the smallest was 70 myg. The estimated average amount
absorbed daily was 243 mierograms,

Blood Counts: (Table 17,

Group L- Light of the thirteen animals had blood counts.  Of these, three
showed no signiticant red hlood eell change, terminally; two showed a severe
drop, one a moderate drop, and two a wild drop. The white blood cells were un-
altered in one animal; in five there was a severe drop; in two there was a
moderate drop. The hemoglobin wis Jeast affected. T two there was no ehange;
in five there was a mild drop. The etghth animal did not receive the hemo-
globin test.

Group 201 the three animals in this group, there was a slight drop in
red blood eells in one and a maderate drop in two,  The white blood eells dropped
severely in one and moderately in two. The hemoglobin remained unchanged
in one amd dropped stightly in two.

Group 3.-- The red Blood cells dropped moderately in one, mildly in another,
and not at 211 in the third, In one there was o mild deevease in the white blood
cells, i tie second o moderate deervase, and in the third the deerease was severe.
Hemogelobin was lowered slightly in two and moderately in the thied.

Cironp 1.- «Contral aniimalso One showed o slight and one a moderate
drop in white Flood eclls, and one a shehtly Towered hemoglohin, Otherwise the
counts were normil,

Skan: o Table o

The skin changes consisted of alopeeta; a sealy dermatitis, loeated chiefly
an the exposed surfaces of the joints of the forelegs and hind legs, sonrewhat
resemnbling psoriasis in man: scabs between the foespand sealy soves generally
over the hady.

Group L Seven animals had alopeeia our severe and three mild) ; seven
were affected with the sealy dermatitis (five severe, one moderate, and one mild) ;

ongl
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two had no skin lesions; and two developed o transitory rash during the carly
part of the {reatment.

Group 2-~"Two animals had o mild alopeciag one had o slicht and one a
maoderate sealy dernatitis,

Group 3~ -One had a moderate sealy dermatitis: the other {wo were
negative.

Group i.—The controls showed no skin chanees.

Gingivae: (Table 11).

Group 1.—Cross examination of the gingivae of Twelve animils revealed
an inflammatory condition in cight resembline a so-called ** ehronic” Vineoent kS
infeetion or, in a few, a more severe neerosis charaeteristic of agramiloeytic
angina. Two showed a thickening and blanching of the gingivae typical of
estrogen-induced changes, Two showed no ehange.

Group 2~ A had a moderate degree of inflammation of the character de-
seribed in group 1.

Group 3.--The gingivae of two showed maderate inflammation : one re-
mained unchanged,

Group i.—The controls revealed no ehange.

Uterus: (Table 11).

Group 1—The wleri of cleven of the thirteen dogs were examined, Two
of these eases reecived implants at the onset only, and survived for more than
a year from that time. One of the two showed slieht neerosis of the endo-
metrium ; the other showed no ehanege.  The nine dogs receiving estrogen over
a long period presented one or more of the followine changes: neerosis in-
volving the endometrium, the myometrium, or perforations. In six, the uleer-
ations were severe; while in three they were moderate.

Group 2.—-Ulerine examination in two cases was necative: in one, a mod-
erate alteration as deseribed in group 1 was seen.

Group 5—The animal receiving leeithin for twelve dayvs terminally showed
a moderate degree of neerosis; the two dogs veeeiving the lecithin for twenty-
eight days showed & mild involvement of the uterus in one instanee and none
in the other.

Group 1-—No cvidence of ehange was scen in the weri of the cantrols,

Other Findings at Awfopsy: (Table 11,

Nine of eleven dogs autopsied in group 1 showed the presence of peri-
tonitis with an exudate of foul-smelline luid, ane hemorrhage, Only one of
the six animals receiving soyhean lecithin showed this ehange. The noncon.
forming animal reccived the leeithin terminally for only twelve davs. Tongue
uleers were observed tn three cases.

Histologic Obserrations:

Gingirae ~-"The histologie findings of the gingivie of the entire 2rolp are
incomplete. We report here in detail on one dog, these gingival findines heing
representative of those in the category. croup 1, treated with estrogen in-
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plants only.  Five gingival hiopsies were made in this case at approximately
three-month intervals: one pre-experimentally, one at termination of the ex-
periment, ol three in between, (Figs. 1,2, 8, 4, and 5.)

Tapek T Maxter Tasie or PINDINGS 1N FrEMALE Doss IMpranten Wit
Avria Exrrapion PrLLETS
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At the end of the first threesmonili period, gingival changes were charv-
acterized principally by hyperplasia of the entive tissue. The nuelei in the
germinal Liver appeared erowded and more numerous (Figs. 2, B and 3, B);
the rete pees were somewhal pointed with splitting and proliferation forming
off-shoots - Fie. 20 B, The axes of the prickle cells were frregulav,  The
keratin layer appeared slivhtly wider and firmer than pre-experimentally al-
thoueh a slicht degree of stripping was noticeable. The whale Tayer of epi-
thelium tnereased abont one-thisd in width.

The corium was hyperplastic. There was a considerable inerease in the
nunber of fibrablasts and collacenous elements,  The tissue appeared firm
with no evidences of edema or inflammation.  The width was almost double
thit of the presexperimental covin, (Fias. 2, B and 4, B.)

Atter six manths of treatment, the gingival biopsy still showed certain
hyperplastie features. Splitting and pointing of pegs were visible. However,
the cermital nuclei were not as crowded, and the prickle eells had assumed
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Fig, 2.—Same animal as in Fig, 1.
1 and prickle cells,
5 of ¢pithelial hyperplasia.
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A more vertical arvangement.  Fies, 20 € and 3.0 Certain beginning degen-

erative clumges were noted,  The upper halt ol the prickle cells showed mild
intereellular and intraceliular edema with the hridees slightly obseured.  The
keratin Tayver no lowwer presented a firm even contour hut appeared to be
either totally lost or in a process of desquamation.  The corium showed
edematons areas infiltrated by o considerable number of inflammatory eelis
(e 40

The bropsy made after nine months of treatment diselosed primarily de.
generative changes in both the epithelium and conneclive tissue, The prickle
cells were arranged in o vertieal pattern, and the erowding of nuelei and
splitting or pegs were not seen. The keralin layer was almost absent and the
intereellular edema had inereased. (Fies. 2, 1 and 3,00 The corium showed
marked increase in inflammatory involvenient.  The cellular invasion consisted
chietly of vound eclls with occasional plasia colls and polymorphonuelears. The
edema was widespread (Mg, 4, ).

The thirteenth wonth or post-mortem gingival seetion showed ahmost total
deweneration,  Little keratin was noted.  The epithelial elements were indis-
tinet with widespread edema andd inflammatory cell invasion. Neerosis and
consequent loss of portions of the epithelial Jayver were in evidenee, The entire
section appeared Mragnented. The corium seented to consist mainly of inflam-
matory cells aud edema. Collagenous elements were either minutely frag-
mented or completely displaced and obliterated by the exudate. The inflam-
mitory cells were primarily of the round-eel] variety with oceasional plasma
cells and immature polymorphonuelears. The neerotic tissuie was particularly
characterized by the paucity of polymorphonuelears, 1 Figs, 2, J, 3, K, and 4, E.)

Wcoes Mombrancs—The mucous membranes followed a similar pattern
of change in sone respeets as the gingivite, with differences (Fig. 5). The
normal niucous membranes do not possess a keratin laver (Fig. 5, 4). How-
ever, in the first experimental biopsy, a definite layer of keratin was scen
thenign metaplasiag (Fie, 5 B, The epithelium was compressed, probably
owing to the nerease of fibroblasts aned collagenous elements in the coriun,
The eorimn appeared more compact. Tn the next stave (after six months of
treatment .o the beginuing bhreakdown process beeame apparent (IMig. 5, ().
The keratin layer was still present, but edema was evident in both the epi-
thelinm and connective tissue, At the end of the uine-month period, the
keratin was seen stripping off. the edema had increased, and atrophy of the
epithelivin was seen (Figo 5000 I the final sage. the hreakdown appeared
almost conplete, with total absence of Keratin, almost catplete atrophy of
the epithelivon, and marked cellular infiltration ol the entire tissue with areas
of neerosis 1 Fe 58

Vagine. - Detailed histologie study has not yet been comipleted. The changes
noted thus far hore similarity to those seen in the gingivae. Edema and
teerosis were the most common,  We report hiere the findings in one dog
showing loss of surface epithelial cells. atrophy . and complete destruetion of

portions of the epithelinm,  (Fius. 6 and 7.3
Uterus. The uteri or the dogs viaried lstologically, hut in degree rather
than in kind. Dn those eases where the oferus was ildly affected, the endo-
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metvinm appeared o he the only site ol activity. The lumen usually con-
tained necrotic tissue debris and desquamated epithelial eells. The normal
arrangenent of the utevine glands was distorted and there was destruetion
of the epithelial lining eells. The involvement extended almost to the myo-
metriune. Fdema and inflanmmatory eell infiltration were consistently present.
The cellular exudate varvied from a predominantly polymorphonuelear reaction
with Tocalized small abseess Tormations to purely round-cell involvement with
very few normal mature polymorphonuelears.  Small isolated hemorrhagie
areas were visible in some instanees,

The moderately involved uteri presented a picture basteally comparable
to the foreguing, hut the affected arcas were more extensive. The neerosis of
the cudometrium was Tar-reaching with few normal wlerine glands® visible.
Hemorrhave, debris, edema. and indlammatory cell invasion were more exten-
sive. Tn addition, the myometrinm was involved. The muscle layers showed
inflammatory cell infiltration and edema.  Neerosis was present here also in
The eharacter of the cellular exudate in the endometrium and

SOME cases,
myometritm appeaved uniform.

Fig. So—bnor Noo 7060 Uterus.  LEstrowen iniplants only.,  Maximum daily abrorption, 22p
microsrames. Pravation, forty weeks, 2106,y ], Lumen filled with necrotic debris, B, Wide-
sprend neerosis ond breakdown of cinboaroetn o, O Inthinmunntory involvement and necrosis of
PV GHGe iy Do Perforation of uternas, 10, I'eritenitis, F, Liquefiaction neerosis,

In the severely invalved wteri. the endometrimm was usually totally de-
stroyed. The Timen was barvely recognizalble, with widespread necrosis and
Hquefaction of debris throughout.  Bacterial masses were observed in all
layers of the wterns. The myomet rinn was similavly affected. In a few eases,
laree abscess areas were seen with numbers of acute intlimmatory eells; in
others. the massive neerotic arcias were completely devoid of polymorphonu-
clears. Hemoerrhage was o frequent findding. 1 Figs, 8, 9,10, and 11.)

Do vaderiny of the does in wroup 1. perforations through the serosa and
peritonein were observed. The gquality of the peritonitis was consistent with
the other microscopic findings, that is. necrosis of tissne and paucity of poly-

morphonnelenrs.,
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Fig. 9.--8ame as Fig. & Higher powel of endometrinm showing A, lumen with necrotic
debris: B, endometrial breakidown with inflanunmatory infiltration; ¢, myometrium with infliam-

matory ccll infiltration. (X9
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Fig, Th—Sane ns Figo ~0 Higher power showing () necrosis with liquefaction and a consider-
able number of tmmature polynorphonuclears, (Xa14,)

Fig. 120 Dow Noo 736 Hwmerus Same animsd as in Fig, S0 The bone NErTow h\s been alimost
oty replaced with fatty tissie. No hetnpoietic utx\n) is observed, < 18)
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Estrogen Duplunts in Dogs iy

Bone Marrow.-~Bone marrow studies ave incomplete. Where studied, com-
plete fatty replacement was scen (seetion of humerus) (Fige, 125,

Discussion.—~

At autopsy, 11 was Tound that the most severe neerosis haed developed in
the uterus.  The gingivie were the next most seriously involved and then the
‘agina. The other organs were not uniforinly affected. Terminally, the does
refused food and died or were sacrificed as o result of acate peritonitis or
aneniia.

The waost marked anemias were observed terminally, althouwsh in some in-
stances the symptoms came on within a month atter implantation. The maost
severe blood affection seen was a marked lencopenia. The red hlood el
change was not as great. The hemoglohin was least involved, The bonhe -
row was seriotisly altered: in some instaneces neerosis was noted, in others,
complete fatty replacement,

Those animals receiving the soybean lecithin were in some degree pro-
tected against the toxic symptoms.  Althongh skin lesions developed, they
canme on later in the experimental period and were not as severe. The lecithin
seemed to afford the most protection to the uteras. Tn three cases. no changes
were observed in the uterus while in the group not heing ted leeithin all indi-
cited moderate or severe alterations. The three dogs receiving lecithin fron
the beginning showed the least involvement, This finding is in aereentent with
that of IFoldes and Mwrphy, who reported a neutralizing action of toxic effects
between lipoleeithin and certain steroids.

In comparing the effeets of the estrogen implants in dogs with our former
experimenis in estrogen-injected monkeys, we found no such toxie effects in
the monkeys even when large doses were applied. Tn fact. the results of the
present study, as well as others emploving dogs as experimental material,
demonstrate a destruetive effeet of the drug, while similav investications on
monkeys and rats, with even larger doses of the same hormone, have pro-
duced reactions of a proliferative nature. The significant questions arising
out of this conflict are: (1) whether or not the disagreement may he attributed
to the difference in species and (2) whether endogenous estrogen in hunians.
when present in Lirge amounts, may in some measure be responsible for the
degenerative affections, similar to those desevibed in dogs, observed in human
ringival and other tissues.
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